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RELIABILITY AND AVAILABILITY EVALUATION OF HVDC SYSTEMS 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zat i on  for s tandard i zati on  com pri s i n g  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zati on  i n  the  e lectri cal  and  e l ectron i c  f i e lds .  To  
th i s  end  and  i n  add i t i on  to  other act i vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons ,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter  referred  to  as  “ I EC  
Publ i cat i on(s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zat i ons  l i a i s i ng  wi th  the  I EC al so  part i c i pate  i n  th i s  preparati on .  I EC  co l l aborates  c l osel y  
wi th  the  I n ternati onal  Organ i zat i on  for  S tandard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by  
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evant  subjects  s i nce  each  techn i cal  com m i ttee  has  represen tati on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recom m endati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cat i ons  i s  accu rate,  I EC  cannot  be  held  respons ib le  for  the  way i n  wh i ch  they are  used  or  fo r  an y  
m i s i n terpretati on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC  Publ i cat i ons  
transparen tl y  to  the  m axim um  extent  poss ib le  i n  thei r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i onal  pu bl i cati on  shal l  be  c l earl y  i n d i cated  i n  
the  l atter.  

5)  I EC i tsel f  does  not  provi de  any attestat i on  of  con form i ty.  I n dependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessm ent  servi ces  and ,  i n  som e areas,  access  to  I EC  m arks  of  con form i ty.  I EC  i s  not  responsi ble  for  an y  
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i t i on  of  th i s  publ i cat i on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r  ag ents  i ncl u d i ng  i n d i vi du al  experts  and  
m em bers  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Com m i ttees  for any personal  i n j u ry,  property  dam age  o r  
other dam age  of  any natu re  whatsoever,  whether d i rect  or  i nd i rect,  or for  costs  ( i ncl ud i ng  l eg al  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cat i on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cat i ons .   

8)  Atten t i on  i s  d rawn  to  the  Norm ati ve  references  c i ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten t i on  i s  d rawn  to  the  poss ibi l i ty  that  som e  of  the  e l em ents  of  th i s  I EC Publ i cat i on  m ay be  the  su bject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of  I EC  techn ical  comm i ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm i ttee  m ay propose  the  publ icati on  of  a  techn ical  report  when  i t  has  col l ected  
data of  a  d i fferent  kind  from  that  wh ich  i s  norm al ly  publ i shed  as  an  I n ternational  Standard,  for  
example  "state  of  the  art" .  

I EC  TR 62672,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC  techn ical  comm i ttee  
1 1 5:  H i gh  Vol tage  D i rect  Current  (HVDC)  transm ission  for DC  vo l tages  above  1 00  kV.  

Th is  f i rst  ed i t i on  cancels  and  replaces  the  f i rst  ed i t i on  of  I EC 62672-1  publ i shed  i n  201 3.  Th i s  
ed i t ion  consti tu tes  a  techn ical  revis i on .  

Th is  ed i ti on  incl udes  the  fo l l owing  s i gn i f ican t  techn ical  changes  wi th  respect  to  the  previous  
ed i t ion :  

a)  HVDC stati ons  wi th  vo l tage  sourced  converters  have  been  i ncluded;  

b)  th is  documen t has  been  al i gned  wi th  l atest  C ig ré  TB 590:201 4,  wh ich  has  superseded  the  
previous  C ig ré  TB 346:2008.  
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The  text  of  th is  techn ical  report  i s  based  on  the  fo l l owing  docum ents:  

Enqu i ry d raft  Report  on  voti ng  

1 1 5/1 77/DTR  1 1 5/1 85/RVDTR 

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  techn ical  report  can  be  found  i n  th e  
report  on  vot i ng  ind icated  i n  the  above  table.  

Th is  docum en t has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves ,  Part  2.  

The  comm ittee  has  decided  that  the  con tents  of  th is  docum ent  wi l l  rem ain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data re lated  to  
the  speci f ic  document.  At  th is  date,  the  docum en t wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A b i l i ngual  vers ion  of  th is  publ icati on  m ay be  i ssued  at  a  l ater  date.  
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1  Scope 

This  docum ent  appl ies  to  al l  l i ne-com mutated  and  vo l tage-sourced  h igh-vol tage  d i rect  current  
(HVDC)  transm iss ion  system s  used  for  power exchange  i n  u t i l i ty systems.  

I n  order  to  assess  the  operational  performance  of  HVDC transm iss ion  systems,  rel iabi l i ty and  
avai labi l i ty are  evaluated .  The  i n tenti on  of  the  performance  evaluati on  i s  to  i denti fy fu rther  
des ign  im provem ents.  For th is  purpose  the  HVDC users/owners  are  encouraged  to  compi le  
reports  on  an  annual  bas is  based  on  the  recomm endations  g i ven  i n  th is  documen t.  The  
purpose  of  th is  document  i s  to  defi ne  a s tandard i zed  reporti ng  protocol  so  that  data co l l ected  
from  d i fferen t  HVDC transm ission  system s  can  be  compared  on  an  equ i table  bas is.  Such  
reports  can  be  sent  to  C ig ré  SC  B4,  “HVDC and  Power  E lectron ics”  (h ttp: //b4.cig re. org )  wh ich  
co l l ects  such  data and  publ i shes  i t  i n  a  survey of  HVDC system s  th roughout  the  world  on  a  b i -
annual  bas is.  

Th is  documen t  covers  po in t- to-po in t  transm iss ion  systems,  back-to-back i n terconnecti ons  and  
mu l t i - term inal  transm ission  systems.  For  po in t- to-po in t  systems  and  back-to-back 
i n terconnecti ons ,  i . e .  two- term inal  systems,  s tat i st ics  are  reported  based  on  the  total  
transm ission  capabi l i ty from  the  send ing  end  to  the  receiving  end  measured  at  a  g i ven  poin t.  
I f ,  however,  the  two  term inals  are  operated  by d i fferent  users/owners ,  or  are  com posed  of  
equ ipment  of  a  d i fferent  vi n tage  or of  equ ipmen t from  d i fferen t  suppl i ers,  statis t i cs  can  be  
reported  on  an  i nd i vi dual  s tation  basis  i f  so  des i red  by those  respons ible  for reporting .  I n  such  
a case,  the  ou tage  i s  on l y reported  under  the  orig i nating  converter  stat ion ,  taking  care  not  to  
report  the  same even t  twice.  For m u l t i - term inal  system s,  i . e.  systems  wi th  more  than  two  
term inals ,  stat is ti cs  are  reported  separatel y for  each  converter  stat i on  based  on  i ts  own  
i nd i vi dual  capabi l i ty.  

Mu l t i - term inal  systems,  i ncorporating  paral l e l  converters  bu t  having  on l y two  converter  
stat ions  on  the  DC l i ne ,  can  be  considered  as  e i ther po in t- to-po in t  systems  or as  m u l t i -
term inal  systems  for  purpose  of  report ing .  Therefore,  s tat ist ics  for th is  special  type  of  mu l t i -
term inal  system  can  be  reported  based  on  e i ther  to tal  transm ission  capabi l i ty or  on  i nd i vidual  
stat ion  capabi l i ty.  I f  the  converters  at  one  stati on  use  d i fferent  technolog y,  converter  stat ion  
stat ist i cs  can  be  reported  separatel y for each  d i fferen t  type  of  capaci ty i f  desi red.  Mu l t i ple  
b ipo les  are  also  reported  i nd i vidual l y.  Special  menti on  i s  g i ven  i n  the  text  and  i n  the  
tabu lati ons  to  any common  events  resu l t ing  i n  b i po lar  ou tages.  

NOTE  Usu al l y  the  ag reem en t  between  the  pu rchaser and  the  tu rnkey suppl i ers  of  the  H VDC converter s tati on  
i ncl udes  speci f i c  requ i rem ents  regard i ng  con tractu al  evalu ati on .  Such  speci f i c  requ i rem ents  wi l l  prevai l  over th i s  
docum ent.  

2 Normative references 

There  are  no  norm ati ve  references  i n  th is  document.  

3 Terms,  defin i tions,  abbreviated  terms and  symbols  

For the  purposes  of  th is  docum ent,  the  fo l lowing  terms,  def in i t ions,  abbreviated  term s  and  
symbols  appl y.  

ISO and  I EC  main tain  term inolog ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www. electroped ia.org / 

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  
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3. 1  Outage  terms 

3. 1 . 1   
ou tage  
state  i n  wh ich  the  HVDC system  i s  unavai lable  for operation  at  i ts  rated  con tinuous  capaci ty 
due  to  an  even t  d i rectl y re lated  to  the  converter s tati on  equ ipm ent  or  DC  transm iss ion  l i ne   

Note  1  to  en try:  Fai l u re  of  equ ipm ent  not  needed  for power transm iss ion  i s  not  to  be  considered  as  an  ou tage  for  
pu rposes  of  th i s  evalu at i on .  AC  system  related  ou tages  are  to  be  recorded  bu t  not  i nc l uded  i n  HVDC system  
rel i abi l i ty  cal cu l ati ons.   

Note  2  to  en try:  For pu rposes  of  th i s  evalu at i on ,  ou tages  taken  for  m ajor recon fi gu rati on  or upgrad i ng ,  such  as  
the  add i t i on  of  converters ,  are  not  to  be  reported .  

3. 1 .2   
schedu led  outage 
ou tage,  wh ich  i s  e i ther p lanned  or  wh ich  can  be  deferred  un t i l  a  su i table  t ime 

Note  1  to  en try:  Schedu led  ou tages  can  be  pl anned  wel l  i n  advance,  prim ari l y  for  preven ti ve  m ain tenance  
pu rposes  such  as  an  annual  m ain tenance  prog ram .  Du ri ng  such  planned  m ain tenance  ou tage,  i t  i s  usual  to  work 
on  several  d i fferen t  equ i pm ent  or  system s  concurren tl y.  I t  i s  not  necessary to  al l ocate  such  ou tag e  t im e  to  
i nd i vi dual  equ ipm ent  categ ori es .  On ly  the  e lapsed  t im e  shou l d  be  reported  i n  Tabl e  5  as  “PM”.   

Note  2  to  en try:  C lass i f i ed  under the  schedu led  ou tage  categ ory are  al so  ou tages  for  work wh i ch  cou ld  be  
postponed  u n ti l  a  su i table  t im e  (usual l y  n i g h t  or  weekend )  bu t  cannot  be  postponed  u n t i l  the  next  planned  ou tage.  
Equ ipm ent  category code  i n  Table  5  shou ld  be  used  to  i den ti fy  the  affected  equ ipm ent.  Th i s  i ncl udes  d i scret i onary  
ou tages  based  on  operat i ng  po l i c i es ,  user/owner’s  preference  and  m ain tenance  of  redu ndan t  equ i pm ent.   

Note  3  to  en try:  I f  the  schedu led  ou tag e  i s  extended  du e  to  add i t i onal  work wh i ch  wou l d  otherwise  have  
necessi tated  a  forced  ou tag e,  the  excess  peri od  i s  to  be  cou nted  as  a  forced  ou tage.   

3. 1 .3   
forced  outage 
state  in  wh ich  equ ipment  i s  unavai lable  for  normal  operati on  bu t  i s  not  i n  the  schedu led  
ou tage  s tate  

3. 1 .3.1   
trip  
sudden  i n terrupti on  i n  transm iss ion  by au tomatic  protecti ve  action  or manual  emergency 
shu tdown  

3.1 .3.2   
other forced  outage 
other unexpected  HVDC equ ipment  problem s  that  force  imm ediate  reducti on  i n  capaci ty of  
HVDC converter  stations  or system  bu t  do  not  cause  or requ i re  a  tr i p  

Note  1  to  en try:  Al so  i n  th i s  category are  ou tag es  caused  by s tart-up  or de-block del ays  caused  by HVDC  
equ i pm ent.  

Note  2  to  en try:  I n  som e cases  the  opportu n i ty  exi sts  du ri ng  forced  ou tages  to  perform  som e of  the  repai rs  or  
m ain tenance  that  wou l d  otherwise  be  perform ed  du ri ng  the  next  schedu led  ou tage.  See  6. 3. 3 ,  ru l e  ( f) .  

3.2  Capaci ty terms  

3.2. 1   
rated  capaci ty  
Pm  
maximum  capaci ty (MW) ,  exclud ing  the  added  capaci ty avai lable  th rough  means  of  redundant  
equ ipment,  for  wh ich  con ti nuous  operation  under  des igned  cond i t ions  i s  possible  

Note  1  to  en try:  For two-term inal  system s  report i ng  j o i n t l y,  the  rated  capaci ty  refers  to  a  part i cu lar po i n t  i n  the  
system ,  usual l y  at  one  or the  other converter s tati on .  For m u l t i - term inal  system s  or  two-term inal  system s report i ng  
separatel y,  the  rated  capaci ty  refers  to  the  rat i ng  of  the  i n d ivi dual  converter s tati on .  
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Note  2  to  en try:  When  the  m axim um  con ti nuous  capaci ty  vari es  accord i ng  to  seasonal  cond i t i ons,  the  h i ghest  
val ue  can  be  used  as  the  capaci ty  when  reports  are  prepared  accord i ng  to  th i s  docum ent  for  s im pl i ci ty's  sake.  
However th i s  excl udes  over- l oad  capabi l i ty  such  as  i s  avai l able  du ri ng  l ow am bient  tem peratu re.  

3.2.2   
outage capaci ty  
Po  
capaci ty reducti on  (MW)  wh ich  the  ou tage  wou ld  have  caused  i f  the  system  was  operating  at  
i ts  rated  capaci ty (Pm )  at  the  t ime  of  the  ou tage  

Note  1  to  en try:  The  ou tage  capaci ty  i s  cal cu lated  based  on  the  sam e  poi n t  i n  the  system  as  that  used  for  defi n i ng  
P

m
.  

3.2.3   
outage derating  factor   
ODF 
rat i o  of  ou tage  capaci ty to  rated  capaci ty,  expressed  as  

ODF =  Po  /  Pm  

3.3  Outage duration  terms 

3.3. 1   
actual  outage duration   
AOD 
t im e  e lapsed  i n  decimal  hours  between  the  start  and  the  end  of  an  ou tage   

Note  1  to  en try:  I t  i s  expressed  for  exam ple  as  fo l l ows:  6  h :30  m in  =  6 , 50  h .  

Note  2  to  en try:  The  s tart  of  an  ou tage  i s  typi cal l y  the  f i rst  swi tch i ng  act i on  re lated  to  the  ou tage.  The  end  of  an  
ou tage  i s  typi cal l y  the  l ast  swi tch i ng  acti on  re lated  to  the  retu rn  of  the  equ ipm ent  to  operati onal  read iness.   

Note  3  to  en try:  I n  som e  contractu al  eval uat i ons  between  purchaser and  su ppl i er,  AOD  can  be  subjected  to  
correcti on  to  ad just  for l ong  wai t i ng  t im es,  adm in i strat i ve  delays,  non -avai l abi l i ty  of  tool s  and  tackles,  non -
avai l abi l i ty  o f  spare  parts  o r  o ther needed  resou rces  i ncl ud i ng  trai ned  m an  power,  delay i n  perm i ts  etc.  

3.3.2   
equ ivalent  ou tage  duration   
EOD 
actual  ou tage  duration  (AOD)  i n  decimal  hours,  mu l t i pl i ed  by the  ou tage  derati ng  factor  (ODF) ,  
so  as  to  take  accoun t  of  partial  l oss  of  capaci ty,  and  expressed  as  

EOD  =  AOD  ×  ODF 

Note  1  to  en try:  Each  equ i valen t  ou tag e  du rat i on  (EOD)  m ay be  class i f i ed  accord i ng  to  the  type  of  ou tag e  
i nvolved :  equ i valen t  forced  ou tage  durati on  (EFOD)  and  equ i valen t  schedu l ed  ou tag e  durat i on  (ESOD) .  

3.4  Time categories  

3.4. 1   
period  hours ,  p l .   
PH  
number of  calendar  hours  i n  the  reporti ng  period   

Note  1  to  en try:  I n  a  fu l l  cal endar year the  peri od  hou rs  are  8  760,  o r  8  784  i n  l eap years .   

Note  2  to  en try:  I f  the  equ ipm ent  i s  comm iss ioned  part  way th roug h  a  year,  the  peri od  hou rs  wi l l  be  
proport i onatel y  l ess.   

3.4.2   
actual  outage hours ,  p l .   
AOH  
sum  of  actual  ou tage  durati ons  wi th in  the  report i ng  period,  expressed  as   

AOH  =  Σ  AOD  
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Note  1  to  en try:  The  actual  ou tag e  hou r (AOH)  m ay be  c lass i f i ed  accord i ng  to  the  type  of  ou tage  i n vol ved :  actual  
forced  ou tage  hou rs  (AFOH )  and ,  actu al  schedu led  ou tag e  hours  (ASOH ) .  AFOH  and  ASOH  are  expressed,  
respecti vel y,  as  

AFOH  =  Σ  AFOD  

ASOH  =  Σ  ASOD  

3.4.3   
equ ivalen t  ou tage hours ,  p l .    
EOH  
sum  of  equ ivalen t  ou tage  du rati ons  wi th i n  the  reporti ng  period ,  expressed  as  

EOH  =  Σ  EOD  

Note  1  to  en try:  The  equ i valen t  ou tag e  hours  (EOH)  m ay be  class i f i ed  accord i ng  to  the  type  of  ou tage  i n vol ved :  
equ i valen t  forced  ou tag e  hou rs  (EFOH)  and  equ i val en t  schedu l ed  ou tage  hou rs  (ESOH) .  EFOH  and  ESOH  are  
expressed ,  respecti vel y,  as  

EFOH  =  Σ  EFOD  

ESOH  =  Σ  ESOD  

3.5  Avai labi l i ty and  u ti l i zation  terms  

3.5. 1   
energy unavai labi l i ty  
EU  
measure  of  the  energ y wh ich  cou ld  not  have  been  transm i tted  due  to  ou tages  

Note  1  to  en try:  The  energ y unavai l abi l i ty  i s  cal cu l ated  based  on  the  sam e  poi n t  i n  the  system  as  that  used  for  
defi n i ng  Pm .   

Note  2  to  en try:  The  energy u navai l abi l i ty  (EU)  m ay be  c lass i f i ed  accord i ng  to  the  type  of  ou tag e  i n vol ved :  fo rced  
energ y unavai l abi l i ty  (FEU)  and  schedu led  energy unavai l abi l i ty  (SEU ) .  EU ,  FEU  and  SEU  are  expressed,  
respecti vel y,  as  

EU  =  (EOH  /  PH )  ×  1 00  (%)  

FEU  =  (EFOH  /  PH )  ×  1 00  (%)  

SEU  =  (ESOH  / PH )  ×  1 00  (%)  

Note  3  to  en try:  SEU  covers  both  schedu l ed  energ y u navai l abi l i ty  du e  to  p lanned  ou tage  (SEUP)  as  wel l  as  
schedu l ed  energ y unavai l abi l i ty  du e  to  deferred  ou tage  (SEU D) .  

3.5.2   
energy avai labi l i ty  
EA 
measure  of  the  energ y wh ich  cou ld  have  been  transm i tted  except  for  l im i tations  of  capaci ty 
due  to  ou tages   

Note  1  to  en try:  The  energy avai l abi l i ty  i s  cal cu lated  based  on  the  sam e poi n t  i n  the  system  as  that  used  for  
defi n i ng  P

m
.  EA i s  expressed  as  

EA =  1 00  – EU  (%)  

3.5.3   
energy u ti l i zation   
U 

factor  g i vi ng  a measure  of  the  energ y actual l y transm i tted  over the  system   

Note  1  to  en try:  The  energ y  u t i l i zati on  i s  cal cu l ated  based  on  the  sam e poi n t  i n  the  system  as  that  used  for  
defi n i ng  P

m
.  I t  i s  expressed  as  fo l l ows:  
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where  

E
to ta l  

  i s  the  total  energ y transm i tted  (MWh)  du ri ng  the  report i ng  peri od ;   

P
m

  i s  the  rated  capaci ty  (MW) ;   

PH   i s  the  peri od  hou rs  (h ) .  

Note  2  to  en try:  The  total  energ y t ransm i tted  i s  the  sum  of  energ y exported  and  energ y i m ported  (expressed  i n  
MWh) ,  both  cal cu l ated  based  on  the  sam e  poi n t  i n  the  system  as  that  used  for  defi n i ng  P

m
.  

3.6  Commutation  fai lu re  performance terms  

NOTE  Th i s  i s  not  appl i cable  to  VSC HVDC system s.  

3.6. 1   
recordable  AC  system  fau l t  
AC system  fau l t ,  wh ich  causes  one  or  m ore  of  the  i nverter  AC  bus  phase  vo l tages  at  the  
term inals  of  the  harm on ic  f i l ter  to  drop  imm ediatel y fo l lowing  the  fau l t  i n i t i at i on  below 90  % of  
the  vo l tage  prior  to  the  fau l t  

Note  1  to  en try:  AC  system  fau l ts  at,  or near,  the  rect i f i er  are  not  re l evan t  i n  th i s  con text  and  are  not  requ i red  to  
be  i ncl uded  i n  th i s  report i ng .  An  excepti on  to  th i s  ru l e  i s  a  special  case  where  the  network topol og y d i ctates  that  an  
AC  fau l t  near the  recti f i er  al so  produces  a  s im u l taneous  recordabl e  fau l t  at  the  i n verter or where  speci f i c  converter  
con fi gu rat i on  (e . g .  n o  sm ooth i ng  reactor)  i s  suscepti ble  to  a  comm utati on  fai l u re  i n  a  recti f i er  operati on .   

3.6.2   
commutation  fai lu re  start   
CFS(A)  
i n i t iat ion  or  onset  of  comm utation  fai lu re(s)  i n  an y valve  g roup  imm ediatel y fo l l owing  the  
occurrence  of  an  AC system  fau l t,  regard less  of  whether  or  not  the  AC  fau l t  i s  “recordable”  as  
def ined  i n  3 . 6 . 1  

Note  1  to  en try:  Com m utat i on  fai l u res  as  a  resu l t  o f  con trol  problem s  or  swi tch i ng  even ts  are  not  to  be  i ncl uded.  

3.6.3   
commutation  fai lu re  start   
CFS(B)  
i n i t iat ion  or  onset  of  comm utati on  fai l u re(s)  i n  an y valve  g roup as  a  resu l t  of  con tro l  problem s,  
swi tch ing  events  or  o ther causes,  bu t  exclud ing  those  i n i ti ated  by AC  system  fau l ts  u nder  
3 . 6. 2   

3.7  Abbreviated  terms  and  symbols  

AC al ternating  cu rrent  

AFOD  actual  forced  ou tage  durati on  

AFOH  actual  forced  ou tage  hou rs  

AOD  actual  ou tage  duration  

AOH  actual  ou tage  hours  

ASOD  actual  schedu led  ou tage  duration  

ASOH  actual  schedu led  ou tage  hours  

CFS  commutation  fai l u re  s tart  

CT curren t  transformer  

DC  d i rect  cu rren t  

DMR ded icated  metal l i c  (conductor)  retu rn  

EA energ y avai labi l i ty 

EFOD  equ ivalent  forced  ou tage  durati on  
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EFOH  equ ivalent  forced  ou tage  hours  

EOD  equ ivalent  ou tage  duration  

EOH  equ ivalen t  ou tage  hours  

ESOD  equ ivalen t  schedu led  ou tage  duration  

ESOH  equ ivalen t  schedu les  ou tage  hours  

EU  energ y unavai labi l i ty  

FEU  forced  energ y unavai labi l i ty  

HVDC h igh  vo l tage  d i rect  curren t  

IGBT i nsu lated  gate  bipo lar  trans istor  

LCC  l ine-commutated  converter (also  curren t-commutated  converter)  

MMC m odu lar  mu l t i - l evel  (VSC)  converter  

OH  overhead  ( l i ne)  

PH  period  hours  

PLC  power l i ne  carri er  

Pm  rated  capaci ty 

Po  ou tage  capaci ty 

ODF ou tage  derati ng  factor  

RAM  re l iabi l i ty,  avai labi l i ty,  main tainabi l i ty  

RI  rad io  i n terference  

SEU  schedu led  energ y unavai labi l i ty  

SEUD  schedu led  energ y unavai labi l i ty deferred  

SEUP  schedu led  energ y unavai labi l i ty p lanned  

STATCOM  static  synchronous  compensator  

SVC  stat ic  var  compensator  

U (energ y)  u ti l i zat ion  

VBE  valve  based  e lectron ics  

VSC  vol tage-sourced  converter  

4 Classi fication  of  HVDC transmission  system  equipment  

4. 1  General  

For the  purpose  of  reporti ng  the  cause  of  capaci ty reduction  or  converter ou tages,  converter  
stat ion  equ ipment  i s  classi f i ed  in to  major categories .  Fai lu re  of  equ ipm en t resu l t i ng  i n  an  
ou tage  or  l oss  of  converter  capaci ty i s  to  be  charged  to  the  category to  wh ich  the  fai l ed  
equ ipment belongs.  The  ou tage  m ay be  forced  as  a d i rect  consequence  of  the  fai l u re  or  m is-
operation ,  or  the  ou tage  m ay be  schedu led  due  to  main tenance  requ i rem ents .  On l y schedu led  
ou tages  class i f i ed  as  deferred  are  categori zed  accord ing  to  the  equ ipment  type.   

The  major  categories  are  l i s ted  i n  the  fo l lowing  subclauses  and  are  as  fo l lows:  

a)  AC  and  auxi l i ary equ ipm en t (AC-E) :  4. 2  

b)  Valves  (V) :  4 . 3  

c)  DC  contro l  and  protection  equ ipm ent  (C-P) :  4 . 4  

d )  Primary DC equ ipm en t (DC-E) :  4. 5  

e)  Other  (O) :  4. 6  

f)  DC  transm iss ion  l i ne  (TL) :  4. 7  
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g )  External  (EXT) :  4. 8  

The  above  major  categories  are  fu rther  d i vi ded  i n to  subcategories .   

4.2  AC  and  auxi l i ary equ ipment  (AC-E)  

4.2. 1  General  

This  major  category covers  al l  AC  m ain  c i rcu i t  equ ipment  at  the  converter  stati on .  Th is  
i ncl udes  everyth ing  from  the  i ncom ing  AC  connection  to  the  AC  connecti on  of  the  converter  
valve.  Th is  category al so  covers  l ow vo l tage  auxi l i ary power,  valve  cool i ng  equ ipment  
( i ncl ud ing  pumps,  fans,  e l ectrical  auxi l iari es,  etc. ,  bu t  exclud ing  parts  at  h igh  poten tial  i n tegral  
wi th i n  the  valve,  see  4. 3 . 3)  and  AC  con tro l  and  protection .   

NOTE  Th i s  categ ory does  not  apply to  capaci ty  ou tages  resu l t i ng  from  even ts  i n  the  AC  network external  to  the  
converter s tat ion .   

The  "AC and  auxi l i ary equ ipmen t"  category i s  d i vided  i n to  s ix  subcategories  described  i n  4. 2. 2  
to  4 . 2. 7.  

4.2.2  AC fi l ter  and  other reactive power equ ipment  (AC-E.F)  

Loss  of  converter  stati on  capaci ty due  to  fai l u re  of  AC  f i l ters  (pass ive  and/or acti ve)  or  other  
reacti ve  power com pensati on  equ ipm en t i s  to  be  ass igned  to  th is  subcategory.  The  types  of  
com ponents  i ncl uded  i n  th is  subcategory are  capaci tors ,  reactors,  res istors,  CTs  and  
arresters  com prised  wi th i n  the  AC  f i l teri ng  or  reacti ve  power compensati on  equ ipmen t of  the  
converter  stati on .  

NOTE  Associated  d i sconnectors/breakers ,  etc. ,  wi th  f i l ters/reacti ve  com pensated  equ ipm ent  are  excl uded  from  
th i s  subcateg ory,  as  they are  i ncl uded  i n  4. 2 . 7.  

AC PLC/RI  f i l ters,  SVCs,  series  capaci tors  ( i nclud ing  those  between  converter  transformers  
and  valves) ,  STATCOM,  etc. ,  when  i ncl uded  i n  a  converter  stati on  are  also  to  be  reported  
under th is  subcategory.  

4.2.3  AC  control  and  protection  (AC-E.CP)  

Loss  of  converter  s tat ion  capaci ty due  to  fai l u re  o f  AC protecti ons,  AC con tro ls ,  or  AC curren t  
and  vo l tage  m easuri ng  devices  i s  to  be  ass igned  to  th is  subcategory.  AC  protections  or  
con trol  cou ld  be  for  the  main  c i rcu i t  equ ipment,  for  the  auxi l i ary power  equ ipmen t or  for  th e  
valve  coo l ing  equ ipment.  

NOTE  CTs  wi th  AC  f i l ters  o r  CTs  on  transform er bush i ngs  are  not  reported  i n  th i s  subcategory.  

4.2.4  Converter/interface transformer (AC-E.TX)  

Loss  of  converter s tat ion  capaci ty due  to  fai l u re  of  a  converter  transform er or i n terface  
transform er i s  to  be  ass igned  to  th is  subcategory.  Any equ ipm ent  i n tegral  wi th  the  
converter/in terface  transform er such  as  tap  changers ,  bush ings ,  bush ing  CTs  or  transform er 
coo l i ng  equ ipm ent  i s  i ncluded  i n  th is  subcategory.  

4.2.5  Synchronous  compensator (AC-E.SC)  

Loss  of  converter  s tat ion  capaci ty due  to  fai l u re  of  a  synchronous  com pensator i s  to  be  
charged  to  th is  subcategory.  An yth ing  i n tegral  or  d i rectl y re lated  to  the  synchronous  m ach ine  
such  as  i ts  coo l i ng  system  or exci ter  i s  i ncluded  i n  th is  subcategory.  
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4.2.6  Auxi l i ary equ ipment  and  auxi l iary power (AC-E.AX)  

Loss  of  converter  s tat ion  capaci ty due  to  fai l u re  or  m is-operation  of  an y auxi l iary equ ipment  i s  
to  be  ass igned  to  th is  subcategory.  Such  equ ipm ent  i ncl udes  auxi l iary transformers,  pum ps,  
battery chargers ,  heat  exchangers ,  coo l i ng  system  process  i nstrumen tation ,  l ow vo l tage  
swi tchgear,  m otor  con tro l  centres ,  f i re  protection  and  c i vi l  works.  

4.2.7  Other AC  switchyard  equ ipment  (AC-E.SW)  

Loss  of  converter  stati on  capaci ty due  to  fai lu re  of  c i rcu i t  breakers,  pre- i nsert ion  res is tors,  
d i sconnect  swi tches  or  earth ing  swi tches  i n  the  AC  swi tch yard  ( i nclud ing  for AC  f i l teri ng  and  
reacti ve  power compensati on)  i s  to  be  ass i gned  to  th is  subcategory.  Also  i ncluded  i s  o ther AC  
swi tch yard  equ ipm ent  such  as  AC  surge  arresters,  bus-work or i nsu lators .  

4.3  Valves  (V)  

4.3. 1  General  

Th is  m ajor  category covers  al l  parts  of  the  thyri stor/IGBT valve  i tse l f .  The  valve  i s  the  
complete  operati ve  array form ing  an  arm ,  or  part  of  an  arm  of  the  converter  bridge.  I t  i ncl udes  
al l  auxi l iari es  and  componen ts  i n tegral  wi th  the  valve  and  form ing  part  of  the  operati ve  array.   

The  "valves"  category i s  d i vided  i n to  four  subcategories  described  i n  4. 3 . 2  to  4. 3. 5,  where  
4. 3. 4  and  4. 3. 5  are  on l y appl icable  to  VSC  HVDC system s.  

4.3.2  Valve  electrical  (V.E)  

Loss  of  converter s tat i on  capaci ty due  to  an y fai l u re  of  the  valve  except  for  fai l u re  re lated  to  
the  part  of  the  valve  coo l i ng  system  in tegral  wi th  the  valve  i s  to  be  ass i gned  to  th is  
subcategory.  

NOTE  The  VBE  (val ve  base  e l ectron i cs)  equ ipm ent  i s  al so  i n cl uded  i n  th i s  subcategory.   

4.3.3  Valve  cool ing  (V.VC)  

Loss  of  converter s tat ion  capaci ty due  to  an y fai l u re  of  the  valve,  re lated  to  the  valve  cool ing  
system  at  h igh  potential  i n tegral  wi th  the  valve,  i s  to  be  ass i gned  to  th is  subcategory.  

4.3.4  Valve  capaci tor  (V.C)  

Loss  of  converter  stat ion  capaci ty due  to  an y fai l u re  of  the  valve  capaci tor  (e. g .  power modu le  
or  ce l l  capaci tor)  i s  to  be  ass igned  to  th is  subcategory.  

4.3.5  Phase  reactor (V.PR)  

Loss  of  converter  stati on  capaci ty due  to  any fai l u re  of  the  phase  reactor  i s  to  be  ass igned  to  
th is  subcategory.  

4.4  DC  control  and  protection  equ ipment  (C-P)  

4.4. 1  General  

This  m ajor  category covers  the  equ ipm ent  used  for con trol  of  the  overal l  HVDC  system  and  
for  the  con tro l ,  mon i toring  and  protecti on  of  each  HVDC substation  exclud ing  contro l  and  
protecti on  of  a  conven ti onal  type  wh ich  i s  i ncl uded  i n  4. 2 . 3 .  Th is  also  excludes  the  AC  
measuring  transducers  wh ich  are  i ncluded  i n  4 . 2 . 3  as  wel l  as  DC  measuri ng  transducers  
wh ich  are  i ncluded  i n  4. 5. 5.  

NOTE  The  equ i pm ent  provi ded  for the  cod ing  of  con trol  and  i n d i cat i on  i n form ati on  to  be  sen t  over a  
te l ecom m un icati on  ci rcu i t  and  the  ci rcu i t  i tse l f  i s  i ncl uded .  Devi ces  such  as  d i sconnectors ,  c i rcu i t-breakers  and  
transform er tap  changers  wh i ch  can  actual l y  perform  the  con tro l  or  protecti on  act i on  are  excl uded  from  th i s  
subcateg ory.   
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The  "DC contro l  and  protection  equ ipment"  category i s  d i vi ded  in to  th ree  subcategories  
described  in  4. 4. 2  to  4. 4. 4.  

4.4.2  Local  control  and  protection  (C-P.L)  

Loss  of  converter s tati on  capaci ty due  to  any fai l u re  of  the  con tro l ,  protecti on  or  m on i torin g  
equ ipment  of  the  l ocal  HVDC stati on  i s  to  be  ass i gned  to  th is  subcategory.  Examples  wou ld  
i ncl ude  fai lu res  of  the  converter  f i r i ng  con tro l ,  cu rren t  and  vo l tage  regu lators,  converter  and  
DC  yard  protecti ons,  valve  contro l  and  protection ,  and  l ocal  s tat ion  contro l  sequences.  

4.4.3  Master control  and  protection  (C-P.M)  

Loss  of  converter s tat ion  capaci ty due  to  any fai l u re  of  the  master con tro l  equ ipmen t i s  to  be  
ass igned  to  th is  subcategory.  The  master  contro l  equ ipment  usual l y i ncl udes  b ipolar  con tro l ,  
i n ter-stati on  coord inati on  of  curren t  and  vo l tage  orders ,  i n ter-stat i on  sequences,  auxi l i ary 
con trols  such  as  dam ping  con tro ls  or  h igher l evel  con trols  such  as  run-back/run-up,  power 
con trol  or  frequency con tro l .  

4.4.4  Telecommunication  equ ipment  (C-P.T)  

Loss  of  converter  stati on  capaci ty due  to  any fai lu re  of  the  equ ipmen t  provided  for  the  cod ing  
of  contro l  and  ind icati on  i n form ation  to  be  sen t  over a  te lecomm unicati on  c i rcu i t  as  wel l  as  the  
te lecom municati on  ci rcu i t  i tsel f ,  for  exam ple,  opti cal  comm unicati on ,  m icrowave or PLC,  i s  to  
be  assi gned  to  th is  subcategory.   

NOTE  The  earth  wi re  i tsel f ,  when  opt i cal  f i bre  i s  i n teg rated  wi th  such  wi re,  i s  i ncl uded  i n  4 . 7.   

4.5  Primary DC  equ ipment  (DC-E)  

4.5. 1  General  

This  major category covers  al l  equ ipmen t at  the  HVDC substati ons  except  for that  i n  the  th ree  
categories  "AC and  auxi l iary equ ipm ent"  wh ich  i ncl udes  converter/i n terface  transformers,  
"valves"  and  "DC  contro l  and  protection  equ ipmen t".  

The  "prim ary DC equ ipment"  category i s  d i vided  i n to  seven  subcategories  presen ted  i n  4 . 5. 2  
to  4. 5. 8.  

4.5.2  DC  fi l ters  (DC-E.F)  

Loss  of  converter  s tation  capaci ty due  to  fai l u re  of  shun t/series  DC  f i l ters  (acti ve  and/or  
pass ive)  or  DC-s ide  PLC/RI  f i l ters  i s  to  be  ass igned  to  th is  subcategory.  Types  of  components  
i ncl uded  i n  th is  subcategory are  capaci tors ,  reactors,  res is tors,  CTs  and  arresters ,  etc. ,  wh ich  
com prise  the  DC f i l teri ng  of  the  converter  stati on .  

4.5.3  DC  smooth ing  reactors  (DC-E.SR)  

Loss  of  converter  s tat ion  capaci ty due  to  fai l u re  of  the  DC  smooth ing  reactors  i s  to  be  
ass igned  to  th is  subcategory.  

4.5.4  DC  switch ing  equ ipment  (DC-E.SW)  

Loss  of  converter  s tation  capaci ty due  to  fai l u re  of  any DC  ci rcu i t  breakers,  DC  commutating  
swi tches,  DC  d isconnect  swi tches,  i so lati ng  swi tches,  by-pass  swi tches  or  earth ing  swi tches  
i s  to  be  assi gned  to  th is  subcategory.   

Com ponen ts  form ing  act i ve/passive  c i rcu i ts  for  any comm utati ng  swi tch/breaker are  also  to  be  
i ncl uded  under  th is  subcategory.  
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4.5.5  DC  measuring  equ ipment  (DC-E.ME)  

Loss  of  converter s tation  capaci ty due  to  fai l u re  of  the  d i rect  curren t  and  vo l tage  measuri ng  
devices  i s  to  be  ass igned  to  th is  subcategory.  

4.5.6  DC  earth  electrode (DC-E.GE)  

Loss  of  converter  stat ion  capaci ty due  to  problems  wi th  or  fai lu re  of  the  earth  e lectrode  and  i ts  
l ocal  term ination  or connecti ng  equ ipm ent  i s  to  be  ass igned  to  th is  subcategory.   

Th is  covers  al l  types  of  e l ectrode  arrangem ents  for exam ple  l and ,  shore,  sea type.  

NOTE  Earth  e l ectrodes  are  al so  cal l ed  g round  e l ectrodes.   

4.5.7  DC  earth  electrode l i ne  (DC-E.EL)  

Loss  of  converter  s tat ion  capaci ty due  to  fai l u re  of  the  earth  electrode  l i ne  or  cable  i s  to  be  
ass igned  to  th is  subcategory.  

4.5.8  Other DC  swi tchyard  and  valve hal l  equ ipment  (DC-E.O)  

Loss  of  converter  s tation  capaci ty due  to  fai l u re  of  o ther  DC  swi tchyard  and  valve  hal l  
equ ipment i s  to  be  ass i gned  to  th is  subcategory.  Th is  subcategory i ncludes  valve  arresters  
and  other  DC-s ide  surge  arresters,  bus-work i nsu lators  and  wal l  bush ings.  

NOTE  Arresters  wi th i n  f i l ters  are  excl uded  from  th i s  subcategory,  as  those  are  i ncl u ded  i n  4. 5. 2.  

4.6  Other (O)  

Loss  of  converter s tat i on  capaci ty or  extens ion  of  ou tage  durati on  due  to  hum an  error,  
adm in i strati ve  de lays  or  unknown  causes  i s  to  be  ass igned  to  th is  category.  I f ,  after  an  ou tage  
due  to  an  even t  i n  another  category,  the  ou tage  duration  i s  extended  due  to  hum an  error  i n  
main tenance,  or  to  operation  or  adm in istrat i ve  de lays,  the  consequential  extension  i n  ou tage  
time  i s  to  be  ass igned  to  th is  category.  

4.7  DC  transmission  l ine (TL)  

4.7. 1  General  

Loss  of  transm iss ion  capaci ty due  to  fau l ts  on  the  DC  transm iss ion  l i ne ,  wh ich  can  be  
overhead ,  underground  or  subm arine  cables,  i s  to  be  ass igned  to  th is  category.  On l y 
permanent  DC l i ne  fau l ts  are  c lass i f i ed  as  forced  ou tages,  whereas  successfu l  au tomatic  
restarts  after  a  DC  l i ne  fau l t  are  excluded.   

When  a  ded icated  m etal l i c  (conductor)  return  (DMR)  i s  used  i nstead  of  e lectrode  l i nes  and  
e lectrode  arrangem ent,  such  DMR is  to  be  cons idered  under  th is  category.  

I t  shou ld  be  ensured  that  same ou tage  in  not  reported  twice  when  report i ng  i s  m ade  on  a  
stat ion  bas is.  

NOTE  Ou tage  due  to  fal se  operati on  of  the  l i ne  protect i on  i s  not  i ncl u ded  i n  th i s  category.  

The  "DC transm ission  l i ne"  category i s  d i vided  in to  two  subcategories  described  i n  4. 7. 2  and  
4. 7. 3 .  

4.7.2  DC  overhead  transmission  l i ne  (TL-OH)  

Loss  of  transm ission  capaci ty due  to  an y fau l ts  on  the  DC  overhead  transm iss ion  l i ne  i s  to  be  
ass igned  to  th is  subcategory.  
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4.7.3  DC  underground/submarine  cable  (TL-C)  

Loss  of  transm iss ion  capaci ty due  to  fau l ts  on  the  underground  or subm arine  cable  or  cable  
term inal  i s  to  be  assi gned  to  th is  subcategory.  Th is  category covers  auxi l iaries  associated  
wi th  o i l - f i l l ed  cables .   

NOTE  Ou tages  due  to  cable  bush ings  as  wel l  al l  equ ipm ent  i n  cable  term inal /OH  l i ne-cabl e  trans i t i on  s tati ons  are  
i ncl uded  u nder th i s  category.  

4.8  External  (EXT)  

Loss  of  transm ission  capaci ty due  to  fau l ts  or  even ts  i n  the  AC network external  to  the  
converter  s tat i on  i s  to  be  assi gned  to  th is  category.  Examples  i ncl ude  AC  network i nstabi l i ty,  
AC  over-vo l tage  i n  excess  of  the  converter protecti ve  rati ng ,  short-ci rcu i t  l evel  lower than  the  
m in imum  des ign  level ,  l oss  of  AC  ou tlet  l i ne(s)  or  l oss  of  generation ,  etc.  

Loss  of  transm ission  capaci ty due  to  even ts  ( i ncl ud ing  natural  d isasters)  or  operating  
cond i t i ons  beyond  speci f ied  des ign  considerations  i s  also  to  be  ass igned  to  th is  category.  
Examples  i ncl ude  h igher ambien t  temperature  or h igher pol l u t i on  than  the  maximum  speci f ied  
des ign  l eve ls ,  etc.  

5 Classi fication  and  severi ty of  faul t  events and  restoration  codes 

5. 1  Classi fi cation  of  fau l t  events  

Fau l t  even ts  are  c lass i f i ed  accord ing  to  the  converter  equ ipment c lassi f icati on  g i ven  i n  
Clause  4  and  sum mari zed  i n  Table  1 :  
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Table  1  – Classi fication  of  fau l t  events  

Fau l t  cl assi fication  Outage category and  
subcategory codes  

AC and  au xi l i ary equ ipm ent  AC-E  

AC  f i l ter and  other react i ve  power equ ipm ent  AC-E. F  

AC  con tro l  and  protect i on  AC-E. CP  

Converter/i n terface  t ransform er  AC-E. TX 

Synchronous  com pensator  AC-E. SC  

Au xi l i ary equ i pm ent  and  au xi l i ary power  AC-E. AX 

Other AC  swi tchyard  equ ipm en t  AC-E. SW 

Valves  V  

Valve  e l ectri cal  V. E  

Valve  cool i ng  ( i n teg ral  to  val ve)  V. VC 

Valve  capaci tor  V. C  

Phase  reactor  V. PR 

DC con trol  and  protecti on  equ i pm ent  C-P  

Local  con trol  and  protect i on  C-P. L  

Master con tro l  and  protecti on  C-P. M  

Telecom m un icati on  equ ipment  C-P. T  

Prim ary DC  equ ipm ent  DC-E  

DC  f i l ters  DC-E. F  

DC  sm ooth i ng  reactor  DC-E. SR  

DC swi tch i ng  equ i pm ent  DC-E. SW 

DC m easuri ng  equ i pm ent  DC-E. ME  

DC earth  e l ectrode  DC-E. GE  

DC earth  e l ectrode  l i ne  DC-E. EL  

Other DC swi tchyard  and  valve  hal l  equ i pm ent  DC-E. O  

Other  O  

DC  transm iss ion  l i ne  TL 

DC  overhead  t ransm iss ion  l i ne  TL-OH  

DC u nderg round/subm ari ne  cable  TL-C  

External  EXT 

 

5.2  Severi ty codes  

Each  forced  ou tage  i s  classi f i ed  accord ing  to  an  ou tage  severi ty code  as  fo l lows:  

BP   b ipo lar to tal  ou tage  

P   m onopolar  total  ou tage  

C   converter  total  ou tage  

RP  other capaci ty reducti on  

For reporti ng  purposes,  b ipo lar ou tage  i s  one  in  wh ich  both  po les  are  l ost  as  a  d i rect  or  
imm ed iate  consequence  of  a  s ing le  event.  Si nce  such  bipole  ou tages  are  of  special  
s i gn i f i cance,  i t  i s  advised  to  i ncl ude  a  narrati ve  d iscuss ion  of  every b ipole  ou tage  i n  the  
d iscuss ion  section  of  the  report.  The  d iscuss ion  shou ld  i nd icate  whether  both  po les  tr ipped  
s im u l taneous l y,  and  i f  not,  the  sequence  of  even ts  i nvo lved.   
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Overlapping  po le  ou tages  due  to  d i fferen t  even ts  or  wi th  a  pri or ou tage  of  the  other po le  
shou ld  be  reported  as  separate  pole  ou tages,  not  as  a  b ipole  ou tage.  A converter or  valve  
g roup i s  the  sm al lest  swi tchable  operating  un i t  of  capaci ty i n  the  converter  stat ion .  
Overlapping  converter  ou tages  i n  the  same po le  due  to  d i fferen t  even ts  or  wi th  prior  ou tages  
of  another converter  shou ld  be  reported  as  two  separate  converter ou tages  rather than  as  a  
po le  ou tage.   

For converter s tati ons  not  having  series  or  paral le l  connected  converters ,  the  converter  
category does  not  appl y.  For converter  stati ons  having  on l y a  s ing le  DC  ci rcu i t  or  m onopole,  
the  bipole  category does  not  appl y.  I f  an  ou tage  affects  m u l t iple  bi po les ,  each  bipo le  shou ld  
be  reported  separate l y bu t  the  even t  shou ld  be  described  i n  the  annual  report.  

Fai lu res  or ou tages  of  redundan t  equ ipm ent  wh ich  do  not  resu l t  i n  a  l oss  o f  converter capaci ty 
are  not  reported .   

5.3  Restoration  codes  

Each  ou tage  i s  class i f i ed  accord ing  to  a restoration  code  as  fo l lows:  

R  equ ipm ent  caus ing  ou tage  i s  repai red  or  ad j usted  

S  fai l ed  equ ipm ent  i s  replaced  by spare  

M  no  equ ipm ent  fai l u re,  m anual  restart  

6 Instructions for compi lation  of  report  

6. 1  General  

I t  i s  recomm ended  that  a  report  on  the  operational  performance  of  each  HVDC power  
transm ission  system  or back-to-back i n terconnection  in  comm ercial  service  be  prepared  for  
each  year.  These  reports  are  to  be  made  i n  accordance  wi th  th is  docum ent  to  ensure  
un i form i ty and  com parabi l i ty of  the  data.  From  t ime  to  t im e  o l der  systems,  for  wh ich  fu rther  
data i s  j udged  to  be  of  on l y m arg inal  value,  can  be  speci f i cal l y excluded  from  the  report i ng .  
For  an  establ i shed  system ,  the  reporti ng  peri od  i s  to  be  from  January to  December.  For  a  
system  in  i ts  i n i t i al  calendar  year  of  comm ercial  operati on ,  the  report  i s  to  cover  the  peri od  
from  the  start  of  com mercial  operation  to  Decem ber of  that  year.  

6.2  General  instructions  

The b lank tables  g i ven  i n  th is  docum ent,  com pleted  i n  accordance  wi th  these  i nstructi ons,  wi l l  
form  the  bas is  of  each  annual  report.  I t  i s  recogn i zed  that  these  blank tables  may not  su i t  
exactl y each  and  every HVDC stati on /system ,  bu t  s i nce  the  comparison  of  performance  of  
d i fferen t  HVDC systems  i s  a  cen tral  pu rpose  of  the  evaluati on  and  reporti ng ,  i t  i s  
recomm ended  that  the  s tandard  blank tables  be  used  th roughou t.  

I t  i s  recomm ended  that  the  tables  i nclude  an  explanation  of  the  major con tribu ti ons  of  the  
unavai labi l i ty.  

The  presentati on  of  i n formation  or  c lari f i cation  of  the  data i n  the  tables  i s  to  be  cons idered  
under the  fo l lowing  topics:  

a)  U ti l i zat ion :  State  the  reason  for  excepti onal l y h igh  or  l ow f i gures,  for  example,  l ow 
generator avai labi l i ty.  

b)  Avai labi l i ty:  E laborate  on  m ajor or  abnormal  factors  i n fl uencing  avai labi l i ty,  for  exam ple,  
special  main tenance  requ i rem ents,  expansion  or  upgrade  of  equ ipment.  

c)  Rel i abi l i ty:  G i ve  reasons  beh ind  excepti onal l y h i gh  ou tage  rates,  for  example,  repeti ti ve  
ou tages  due  to  an  i n term i tten t  contro l  problem  d i ff i cu l t  to  f i nd  and  not  i n i t ial l y corrected.  

d )  Severi ty of  ou tage:  Comm ent on  the  relati ve  frequency of  valve  g roup,  po le  or  b ipo le  
ou tages.  E laborate  on  m ajor  ou tages  especial l y b i po lar ou tages.  

NOTE  An  exam ple  of  tables  that  have  been  f i l l ed  ou t  i s  shown  i n  Annex B  for  i n form ati on .   
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6.3  Instructions for  Table  2  and  Table  3  

6.3. 1  Section  1   

For  reporti ng  as  a com bined  system ,  for  a  back-to-back system ,  and  for a  two- term inal  system ,  
com plete  l i nes  1 . 1  and  1 . 2  wi th  the  HVDC substati on  names  so  as  to  i nd icate  the  d i rection  of  
the  energ y f l ow and  g i ve  the  total  energ y i n  each  d i recti on  i n  GWh.  I n  the  case  of  an  HVDC  
back-to-back system ,  i den ti fy the  d i rection  of  energ y f l ow by us i ng  the  nam es  of  the  AC  
systems  so  connected .  I n  the  case  of  converters  operati ng  i n  a  mu l t i - term inal   system  or i n  a  
two-term inal  system  wh ich  i s  report i ng  separate l y,  record  s tat ion  energ y for both  recti f i er  and  
i nverter  operati on  by com pleti ng  one  Table  3  for  each  stat i on .  

6.3.2  Section  2  

Calcu late  the  percen tage  of  energ y u t i l i zat ion  (EU )  i n  accordance  wi th  the  form u la g i ven  i n  
3. 5. 3  and  com plete  the  l i ne.  For  two-term inal  system s,  the  preferred  method  of  energ y 
u t i l i zation  i s  calcu lat ion  based  on  a  system  bas is  whereas  for  m u l t i - term inal  system s,  energ y 
u t i l i zation  i s  calcu lated  and  reported  separatel y for each  converter stati on .  

6.3.3  Sections  3,  4  and  5  

I n  order to  calcu late  the  avai labi l i ty and  unavai labi l i ty for  these  secti ons ,  i t  i s  necessary to  
main tain  a  l og  of  ou tages  th rough  the  year.  The  system  log  can  most  conven ien tl y be  
prepared  by f i rs t  prepari ng  separate  l ogs  for each  HVDC substation  and  for the  transm iss ion  
l i ne .  For two-term inal  system s,  these  separate  l ogs  can  then  be  merged  i n to  a  s i ng l e  
combined  l og  for  the  system  wh ich  e l im inates  the  effects  of  concurren t  ou tages.  For  m u l t i -
term inal  systems  or  two-term inal  system s  reporti ng  separatel y,  no  combination  of  s tati on  
ou tages  i s  to  be  m ade.  Care  shou ld  be  taken ,  however,  that  ou tages  due  to  other stati ons  are  
correctl y ass i gned  wi thou t  dupl ication ,  i ncl ud ing  DC l ine  fau l ts .  

An  exam ple  of  a  typi cal  l og  i s  g i ven  i n  Annex  A for  i n form ation  on l y.  The  com pleted  l og  need  
not  be  subm i tted  as  part  of  the  annual  report.  

The  ru les  set  ou t  here  are  to  be  appl i ed  when  prepari ng  the  log  and  subsequentl y calcu lat i ng  
the  avai labi l i ty and  unavai labi l i ty:  

a)  Record  al l  ou tages  i n  the  log  that  cause  a reducti on  in  system  capaci ty below the  rated  
capaci ty.  

b)  I nd icate  i f  the  ou tage  i nvolves  a total  converter (valve  g roup) ,  a  total  po le,  or  a  total  b ipo le  
or  other capaci ty reduction  by suppl yi ng  the  appropriate  severi ty code  as  described  i n  5. 2 .  

c)  Class i fy each  ou tage  as  e i ther  a  schedu led  or  a  forced  ou tage.  For  each  schedu led  
ou tage  record  i f  the  ou tage  i s  schedu led  accord ing  to  the  defi n i t ion  g i ven  i n  3 . 1 . 2 .  

d )  For each  forced  ou tage  or schedu led  ou tage,  determ ine  the  primary cause  of  the  ou tage  
and  select  the  most  appropriate  category from  the  seven  m ajor equ ipment and  fau l t  
categories  and  associated  subcategories  g i ven  i n  C lause  4 .  Al l  equ ipment  i n  the  HVDC 
system  is  i ncl uded  un iquel y i n  one  of  these  categories  and  subcategories.  

e)  For each  ou tage  determ ine  the  ou tage  derati ng  factor (ODF)  as  per 3 . 2 . 3 .  Calcu late  the  
equ ivalen t  ou tage  duration  (EOD)  of  each  ou tage  (3. 3. 2) .  

f)  I f  du ri ng  a  forced  ou tage,  an  opportun i ty i s  taken  to  carry ou t  som e repai r  or  main tenance  
that  wou ld  otherwise  be  done  duri ng  the  next  schedu led  ou tage,  record  th is  as  a  
schedu led  ou tage  wi th  i ts  own  ou tage  reference  num ber.  Record  the  equ ivalen t  ou tage  
durati on  (EOD)  as  zero,  however,  un less  th is  schedu led  ou tage  i ncreases  the  ou tage  
derati ng  factor  above  that  caused  by the  forced  ou tage,  or  extends  i n  t im e  beyond  the  end  
of  the  forced  ou tage.  Shou ld  e i ther  of  these  events  occur,  calcu late  the  ou tage  derati ng  
factor and  equ ivalen t  ou tage  durati on  attri bu table  to  the  schedu led  ou tage  (see  
Clause  A. 2) .  

g )  I f  du ri ng  a  forced  ou tage  a  fu rther  forced  ou tage  occurs,  record  the  new ou tage  also .  
When  determ in ing  the  equ ivalent  ou tage  durati on  (EOD)  of  the  new ou tage  take  i n to  
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account  on l y the  extent  to  wh ich  the  new ou tage  i ncreases  the  ou tage  derati ng  factor or  
extends  in  t im e  the  pre-existi ng  ou tage  (see  C lause  A.3) .  

At  the  end  of  the  year when  the  ou tage  l og  i s  complete,  proceed  as  fo l l ows  to  calcu late  the  
numerical  data requ i red  to  complete  sections  3 ,  4  and  5  of  Table  2  or  Table  3 .  

1 )  Step 1 :  G roup the  ou tages  i n to  schedu led  and  forced .  Group the  forced  ou tages  accord ing  
to  the  major  ou tage  categories  and  severi ty codes.  

2)  Step 2 :  Total  the  equ ivalen t  schedu led  ou tage  du rations  (ESOD)  to  obtain  the  equ ivalent  
schedu led  ou tage  hours  (ESOH) .  Calcu late  the  energ y unavai labi l i ty due  to  schedu led  
ou tages  (3 . 5. 1 )  and  complete  l i ne  4 . 1 .  

3)  Step 3 :  Total  the  equ ivalent  forced  ou tage  durations  (EFOD)  to  obtain  the  equ ivalent  
forced  ou tage  hours  (EFOH) .  Calcu late  the  energ y unavai labi l i ty due  to  forced  ou tages  
(3. 5. 1 )  and  com plete  l i ne  4. 2.  Break down  the  equ ivalen t  forced  ou tage  hours  and  forced  
energ y unavai labi l i ty i n to  those  due  to  HVDC substati ons  and  those  due  to  the  DC  
transm ission  l i ne  and  complete  l i nes  4. 21  and  4 . 22.  

4)  Step 4:  Add  the  energ y unavai labi l i ty percen tage  due  to  schedu led  ou tages  ( l i ne  4 . 1 )  to  
that  for forced  ou tages  ( l i ne  4. 2)  and  subtract  from  1 00  to  obtain  the  energ y avai labi l i ty 
percentage  and  complete  section  3 .  

5)  Step 5:  Record  the  number of  forced  ou tage  events  i n  each  of  the  seven  class i f icati on  and  
fau l t  categories.  Likewise  total  the  equ ivalen t  forced  ou tage  durati ons  (EFOD)  for  each  of  
the  seven  categories  to  obtain  the  equ ivalent  forced  ou tage  hours  (EFOH)  for each  
category.  Record  values  i n  l i nes  5 . 1 1  to  5. 1 5  and  l i nes  5 . 2  and  5 . 3 .  

6)  Step 6:  Total  the  num ber of  events  and  equ ivalent  ou tage  hours  for  categories  AC-E,  V,  
C-P,  DC-E  and  O  ( l i nes  5 . 1 1  to  5. 1 5)  to  obtain  the  num ber of  events  and  equ ivalen t  
ou tage  hou rs  for  l i ne  5. 1  HVDC substations.  

6.3.4  Section  6  

Transfer the  number of  comm utation  fai l u re  starts  CFS(A)  and  recordable  AC fau l ts  from  
Table  4  to  complete  l i ne  6.  For VSC stations/system s,  wri te  “Not  appl icable”.  

6.3.5  Section  7  

Record  the  num ber  of  forced  ou tage  events  i n  each  of  the  fou r  severi ty codes.  Compu te  the  
forced  energ y unavai labi l i t i es  for each  of  the  severi ty codes.  The  forced  energ y 
unavai labi l i t i es  are  calcu lated  i n  accordance  wi th  3 . 5 . 1  us i ng  the  equ ivalen t  forced  ou tage  
hours  i n  Table  6  for each  of  the  severi ty codes.  On l y the  ou tag e  t im e  due  to  the  HVDC  
substations  and  DC  l ine  are  to  be  used .  Ou tages  due  to  external  causes  (4. 8)  such  as  
external  AC  system s  are  to  be  excluded.  Total  the  num ber  of  even ts  and  the  forced  energ y 
unavai labi l i t i es  to  com plete  section  7.  The  to tal  FEU  shou ld  equal  the  value  on  l i ne  4. 2.  
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Table  2  – DC  system  performance for  back-to-back systems and  for two-terminal  
systems reporting  jo int ly (corresponding  to  Table  1  of  Cig ré TB  590:201 4)  

 System    

 Year   

 

  1 .  Energ y transm i tted  (GWh)  

      1 . 1  From :  ______________          To:  ___________________________ 

      1 . 2  From :  ______________          To:  ___________________________ 

 

      1 . 3  Total  

 

 

 

  2 .  Energ y u t i l i zat i on  (%)  P
m

 =               MW   

U  

  3 .  Energ y avai l abi l i ty  (%)  EA  

  4 .  Energ y u navai l abi l i ty  (%)  due  to :     

   4 . 1  Schedu l ed  ou tages  SEU   

        4 . 1 1  Deferred  SEUD   

        4 . 1 2  P lanned  SEUP   

   4 . 2  Forced  ou tages  FEU   

        4 . 21  HVDC substati ons  FEUS   

        4 . 22  DC  transm iss ion  l i ne  a  FEUTL  

  5 .  Forced  ou tages  du e  to:    Num ber 
of  

even ts  

Equ iv.  
ou tage  
hou rs  

   5 . 1  HVDC su bstat i ons  SS    

      5 . 1 1  AC  and  au xi l i ary equ i pment  AC-E    

      5 . 1 2  Valves  V    

      5 . 1 3  HVDC con tro l  and  pro tect i on  equ ip.   C-P    

      5 . 1 4  Prim ary DC  equ i pm ent  DC-E    

      5 . 1 5  Other  O    

   5 . 2  DC  transm iss ion  l i ne  a  TL   

   5 . 3  External  b  EXT   

  6 .  Comm utati on  fai l u re  s tarts  CFS(A)  /  recordable  AC  fau l ts  c   

  7 .  Forced  

     ou tage  

     severi ty  

Capaci ty  reduct i on  Converter  Pole  B ipole  Total  

 Num ber 
of  

events  

Forced  
energ y 
unavai l .  

Num ber 
of  

events  

Forced  
energ y 
unavai l .  

Num ber 
of  

events  

Forced  
energ y 
unavai l .  

Num ber 
of  

even ts  

Forced  
energ y 
unavai l .  

Num ber 
of  

even ts  

Forced  
energ y 
unavai l .  

           

a   Not  appl i cable  for  back-to-back system s.   

b   Not  i ncl u ded  i n  u navai l abi l i ty.  

c   Not  appl i cable  for  VSC system s.  

 



IEC  TR  62672:201 8    I EC  201 8  – 23  –  

Table  3  – DC system  performance for  mu l ti -terminal  systems and  
for  stations report ing  separately as  part  of  two-terminal  systems 

(corresponding  to  Table 1  M /S of  Cig ré  TB  590:201 4)  

 System    

 S tati on    

 Year   

 

  1 .  Energ y transm i tted  (GWh)  

       1 . 1  As  recti f i er  

       1 . 2  As  i nverter  

 

       1 . 3  Total  

 

 

 

  2 .  Energ y u t i l i zat i on  (%)  P
m

 =               MW   

U  

  3 .  Energ y avai l abi l i ty  (%)  EA  

  4 .  Energ y u navai l abi l i ty  (%)  due  to :     

   4 . 1  Schedu l ed  ou tages  SEU   

        4 . 1 1  Deferred  SEUD   

        4 . 1 2  P lanned  SEUP   

   4 . 2  Forced  ou tages  FEU   

        4 . 21  HVDC substati ons  FEUS   

        4 . 22  DC  transm iss ion  l i ne  a  FEUTL  

  5 .  Forced  ou tages  du e  to:    
Num ber 

of  

events  

Equ iv.  

ou tage  

hou rs  

   5 . 1  HVDC substat i ons  SS    

      5 . 1 1  AC  and  au xi l i ary equ i pment  AC-E    

      5 . 1 2  Valves  V    

      5 . 1 3HVDC con tro l  and  protecti on  equ i p.   C-P    

      5 . 1 4  Prim ary DC  equ i pm ent  DC-E    

      5 . 1 5  Other  O    

   5 . 2  DC  transm iss ion  l i ne  a  TL    

   5 . 3  External  b  EXT    

  6 .  Comm utati on  fai l u re  s tarts  CFS(A)  /  recordable  AC  fau l ts  c   

  7 .  Forced   

     ou tage  

     severi ty  

Capaci ty  reducti on  Converter  Pole  B ipole  Total  

Num ber of  

even ts  

Forced  

energ y 

unavai l .  

Num ber of  

even ts  

Forced  

energ y 

unavai l .  

Num ber of  

events  

Forced  

energ y 

unavai l .  

Num ber 

of  

even ts  

Forced  

energ y 

unavai l .  

Num ber 

of  

even ts  

Forced  

energ y 

unavai l .  

          
a   Ensu re  DC  Li ne  ou tages  have  been  al l otted  on l y  once.  

b   Not  i ncl u ded  i n  u navai l abi l i ty.  

c   Not  appl i cable  for VSC system s.  
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6.4  Instructions for  Table  4  and  Table  5  

6.4. 1  Forced  outages  – Table  4  

Record  detai ls  of  al l  forced  ou tages  that  cause  a reducti on  i n  rated  capaci ty.  The  log  used  to  
compi le  Table  2  data can  add i t i onal l y provide  the  i npu t  for Table  4.  Annex  A g i ves  an  example  
of  th is .  

For two-term inal  systems,  e i ther a comm on  table  for both  stati ons  or  separate  tables  for each  
stat ion  can  be  provided  as  long  as  the  same ou tage  i s  not  reported  twice.  For m u l t i - term inal  
systems,  separate  tables  are  to  be  provided  for  each  s tat ion .  

1 )  Step  1 :  For  each  forced  ou tage  determ ine  wh ich  of  the  equ ipm ent  and  fau l t  category 
codes  and  subcodes  appl y.  Record  the  code  and  subcode  i n  the  f i rst  co lum n.  Record  the  
severi ty code  (5. 2)  and  percen tage  capaci ty reducti on .  

2)  Step  2:  I den ti fy the  fai l ed  equ ipmen t by a bri ef  descript ion ,  for  exam ple  the  code  and  
subcode  can  be  AC-E. AX wh i le  the  descript ion  cou ld  be  auxi l iary power  transformer.  
Record  the  forced  ou tage  type  after the  descripti on  (e. g .  de layed  deblock (DD) ,  ramped  
down  and  b locked  (RB) ,  reducti on  i n  MW (RE) ,  s topped  ramp (SR) ,  au tom atic  trip  (TR) ) .  

3)  Step 3 :  Record  the  actual  ou tage  duration  and  restoration  code  (5 . 3)  to  i nd icate  the  
correcti ve  measure  for  exam ple  was  repai r  (R)  or  replacement  by a  spare  (S) .  

6.4.2  Schedu led  outages – Table  5  

Record  detai ls  of  al l  schedu led  ou tages  that  cause  a reduction  i n  rated  capaci ty.  The  l og  used  
to  compi le  Table  2  data can  add i t ional l y provide  the  i npu t  for  Table  5 .  I f  the  schedu led  ou tage  
can  be  attribu ted  to  a  certai n  category of  equ ipm ent,  suppl y the  appropriate  ou tage  code.  For  
two-term inal  system s,  e i ther  a  comm on  table  for  both  s tat ions  or separate  tables  for  each  
station  can  be  provided  as  long  as  the  same ou tage  i s  not  reported  twice.  For m u l t i - term inal  
systems,  separate  tables  are  to  be  provided  for  each  s tat ion .  

1 )  Step 1 :  Record  the  code  and  subcode  i n  the  f i rst  co lumn.  Record  the  severi ty code  (5. 2)  
and  percen tage  capaci ty reducti on .   

2)  Step  2 :  I den ti fy the  main tained  equ ipmen t by a  bri ef  descripti on ,  for  example  the  code  can  
be  AC-E.TX,  wh i le  the  description  cou ld  be  converter transformer fai l ed  bush ing .  I f  the  
ou tage  i s  for  a  p lanned  m ain tenance  prog ram ,  use  the  code  “PM”.  

3)  Step 3 :  Record  the  actual  ou tage  durati on  and  restoration  code  (5. 3 )  to  i nd icate  the  
correcti ve  m easure  for  example  was  repai r  (R)  or  replacem ent  by a  spare  (S) .  
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Table  4  – Forced  outages  of  HVDC substation  
(corresponding  to  Table 2FS of  Cig ré TB  590:201 4)  

 System    

 S tat i on    

 Year   

 

Forced  ou tages  due  to :   Ou tag e  code:       Severi ty  code:  Restorati on  code:  

AC  and  auxi l i ary equ ipm ent  AC-E. X B ipolar  BP  Repai red  R  

Valves  V. X Monopolar  P  Repl aced  by spare  S  

DC  con trol  and  protect i on  equ i p.   C-P . X Converter  C  Manu al l y  restored  M  

Prim ary DC  equ ipm ent  DC-E. X Capaci ty  reduct i on  RP    

Other  O. X     

 

Outage 
code  

Event  or  equ ipment  fai lu re  description  Severi ty 
code  

Restorati
on  code  

Actual  
ou tage 
duration  

AOD 
(h )   

Reduction   
of  capaci ty 

 

(%)  

      

      

      

      

      

      

      

      

 

NOTE  See  Table  1  for ou tag e  code  sub-class i f i cati on .  

Ou tag e  type  exam ples  are:   

DD  – delayed  debl ock 

RB  – ram ped  down  and  b l ocked  

RE  – reduct i on  i n  MW 

SR – s topped  ram p 

TR – au tom ati c  tri p  
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Table  5  – Schedu led  ou tages  of  HVDC substation  
(corresponding  to  Table 2  SS  of  Cigré  TB  590:201 4)  

 System    

 S tat i on    

 Year   

 

Schedu l ed  ou tages  du e  to:   Ou tag e  code:        Severi ty  code:  Restorat i on  code:  

AC and  au xi l i ary equ ipm ent  AC-E. X B ipolar  BP  Repai red  R  

Valves  V. X Monopolar  P  Repl aced  by spare  S  

DC control  and  protect i on  equ i p.   C-P. X Converter  C  Manu al l y  restored  M  

Prim ary DC  equ ipm ent  DC-E. X Capaci ty reduct i on  RP    

Other  O. X     

P l anned  m ain tenance  PM      

 

Outage 
code  

Event  or  equ ipment  fai lu re  description  Severi ty 
code  

Restorati
on  code  

Actual  
ou tage 
duration  

AOD 
(h )   

Reduction  
of  capaci ty 

 

 (%)  

      

      

      

 

NOTE  See  Table  1  for ou tag e  code  sub-class i f i cati on .  

6.5  Instructions for  Table  6  

I f  the  HVDC system  includes  one  or  m ore  HVDC overhead  l i ne  secti ons,  and  l i ne  protection  i s  
arranged  to  i n i t i ate  au to-restart  perhaps  at  a  l ower pole  operati ng  vo l tage,  for  occurrences  
such  as  po l l u t i on  or  l i gh tn ing  i nduced  f l ashovers ,  complete  Table  6  as  fo l l ows:  

1 )  Step 1 :  G i ve  each  l i ne  protection  event  a  u n ique  num ber and  record  th is  together wi th  the  
date  and  t ime  us ing  the  24-h  c lock.  Treat  repeated  operations  of  the  protecti on  wi th in  the  
reset  t im e,  usual l y some tens  of  seconds,  as  one  even t.  

2)  Step  2:  Record  the  actual  steady operating  vo l tage  and  po lari ty,  d isregard ing  trans ien ts,  
of  the  affected  po le  imm ed iatel y prior  to  the  protecti on  operati on .  

3)  Step 3:  Complete  the  even t  en try wi th  the  number of  au tomatical l y attem pted  restart  
sequences,  and  whether  or  not  the  f inal  au tomatic  restart  i s  successfu l .  I f  the  restart  i s  
unsuccessfu l ,  record  the  actual  ou tage  time.  G ive  i n  a  note  any avai lable  i n form ation  
re levant  to  the  cause  of  the  protecti on  operati on  and  subsequent  restorati on  i f  successfu l .  
I f  the  DC  system  is  m u l t i - term inal ,  i nd icate  an y au tom atic  secti onal i z i ng  that  takes  place.  
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Table  6  – HVDC overhead  l i ne  protection  operations  
(corresponding  to  Table 3  of  Cig ré TB  590:201 4)  

 System    

 Year   

 

Event  
no.  

Date  Time of  
day 

Pole  
vol tage 
and  

polari ty 

Number of  
attempted  
restarts  

Final  restart  
successfu l /  
unsuccessfu l  

Actual  ou tage 
duration  i f  

unsuccessfu l  

Notes  a  

        

a   For exam ple,  record  whether the  restart  was  successfu l  at  reduced  vol tage,  o r  wh i ch  l i ne  secti on  was  affected  
or  whether au tom ati c  secti onal i z i ng  occu rred .  

 

6.6  Instructions for  Table  7   

Table  7  i s  not  appl icable  for  VSC  HVDC system s.  

I n  order  to  complete  Table  7  i t  i s  necessary to  keep a  l og  at  each  inverter  HVDC substati on  to  
record  i n formation  about  AC  system  fau l ts  and  any associated  comm utati on  fai l u re  starts.  

NOTE  See  3 . 6. 2  i f/when  another s tati on  i s  appl i cable.  

The  ru les  set  ou t  here  are  to  be  appl ied  i n  the  preparati on  of  th is  l og :  

•  Determ ine  whether the  AC  system  fau l t  i s  recordable  or  not  at  the  station  as  def i ned  i n  
3 . 6. 1 .   

When  determ in ing  whether  or  not  the  vol tage  drops  to  or  below 90  % of  the  pre-fau l t  
vo l tage,  cons ider on l y the  fundam ental  vo l tage,  i . e .  d i sregard  d istorti on .  Reducti ons  i n  
vo l tage  caused  on l y by phase-to-phase  or  phase-to-earth  fau l ts  on  the  AC  system  are  to  
be  considered.  

•  Exclude  the  cases  of  tem porary vo l tage  reducti on  caused  by other  m eans  such  as  norm al  
swi tch ing  of  l i nes,  transformers  or reactive  compensati on ,  or  fau l ty AC  vo l tage  regu lati ng  
equ ipment.  

For the  reporti ng  period  complete  the  table  as  fo l lows:  

1 )  Step  1 :  Com plete  the  f i rs t  co lumn  of  l i nes  1 . 1  and  1 . 2  wi th  the  HVDC substations  nam es.  
I n  the  case  of  an  HVDC coupl i ng  system  i den ti fy the  two  s i des  of  the  coupl ing  by the  
nam es  of  the  AC  system s  so  coupled.  For a mu l t i - term inal  system ,  record  the  data for  
each  stat i on .  

2)  Step 2:  Coun t  the  number of  recordable  AC  system  fau l ts  during  inverter  operation  at  
each  HVDC substation  and  record  the  separate  totals .  

3)  Step  3:  Coun t  the  number of  com mutati on  fai lu re  s tarts,  CFS(A) ,  as  defi ned  i n  3 . 6 . 2 .  A 
CFS can  be  determ ined  by au tom atic  record ing  for each  converter un i t  or  by i nspecti on  of  
the  osci l l ograph ic  records,  bu t  no  more  than  one  CFS(A)  i s  to  be  attribu ted  to  each  AC  
system  fau l t.  

4)  Step 4:  Coun t  the  num ber of  comm utation  fai l u re  s tarts,  CFS(B) ,  as  defi ned  i n  3 . 6 . 3 .   
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Table  7  – AC  system  fau l ts  and  commutation  fai lu re  starts  
(back-to-back,  two-terminal  or  mul t i -terminal  LCC systems)   

(corresponding  to  Table 4  of  Cig ré TB  590:201 4)  

 System    

 Year   

   

 

 Number of  AC  recordable  
system  fau l ts  at  i nverter  

Number of  

CFS(A)  

Number of  

CFS(B)  

1 . 1  HVDC substati on  A:     

1 . 2  HVDC substati on  B :     

1 . 3  HVDC substati on  C:     

1 . 4  HVDC substati on  D:     

1 . 5  HVDC substati on  E :     

2 .  Com plete  HVDC system     

CFS(A)  – Com m utati on  fai l u re  s tarts  i n i t i ated  by AC  system  fau l ts  (see  3 . 6. 2) .   

CFS(B)  – Com m utati on  fai l u re  s tarts  i n i t i ated  by con trol  probl em s,  swi tch i ng  events  or  other causes  (see  3 . 6. 3) .  

 

6.7  Instructions for  Table  8  

For the  reporti ng  period  complete  Table  8  as  fo l l ows:  

1 )  Step  1 :  Complete  the  f i rst  co l um n  by l i s t ing  separate l y the  converter  un i ts  at  both  HVDC 
substati ons  or  both  s ides  i n  the  case  of  coupl i ng  systems  ( for example  1 ,  2 ,  3  and  4,  or  
Pole  1  Norway,  Po le  2  Norway,  Pole  1  Denmark,  Pole  2  Denm ark) .  

2)  Step  2 :  For  each  converter  un i t  record  whether i t  i s  a  s ix-  or  twelve-pu lse  converter  u n i t  
for  LCC  HVDC system s  and  the  converter  topo log y for  VSC HVDC systems,  such  as  
symm etric  m onopole,  asymm etric  monopole,  MMC,  etc.  

3)  Step  3:  Record  the  hours  duri ng  wh ich  each  converter un i t  i s  avai lable,  i rrespective  of  
whether there  i s  transm i tt i ng  power or not.  

4)  Step  4:  Record  the  number of  sem iconductor devices  that  fai l ed  i n  each  converter u n i t.  To  
provide  un i form i ty i n  report i ng ,  al l  fai lu re  m odes  of  a  sem iconductor  device  due  to  an y 
cause  are  to  be  recorded .   

I f  two  or  more  sem iconductor devices  are  used  i n  paral le l  i n  a  valve,  record  the  short-
ci rcu i t ing  of  the  paral l e l  connected  sem iconductor devices  as  a  s i ng le  fai l u re.  For  example,  
when  two  or m ore  sem iconductor devices  are  used  i n  paral le l  wi th i n  a valve,  record  the  short-
ci rcu i t ing  of  the  paral le l  sem iconductor  devices  as  a  s ing le  fai l u re  even  though  two  or  m ore  of  
the  sem iconductor devices  have  i n  fact  fai led .  
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Table  8  – Converter un i t  hours  and  semiconductor devices  that  fai l ed  
(corresponding  to  Table 5  of  Cig ré TB  590:201 4)  

 System    

 Year   

 

Converter  un i t  reference a  S i x-  or  twelve-
pu lse  or  VSC 
topology 

Hours  avai l able  Number of  
semiconductor  

devices  that  fai l ed  b  

    

 Total s :    

a   Converter un i t  reference  refers  to  s tat i on ,  po l e  o r  converter,  accord i ng  to  6 . 7.   

b   See  6. 7,  s tep  4.  

 

6.8  Instructions for  Table  9  

Table  9  sum marizes  the  i n form ation  contained  i n  Table  4.  Al l  forced  ou tages  are  summ ed  up  
by ou tage  c lass i f i cati on  and  by sub-class i f ication  as  wel l  as  by severi ty code.  Com pletion  of  
Table  9  i s  an  i n term ed iate  s tep  i n  preparati on  for f i l l i ng  ou t  Table  2  or  Table  3 .  

7 Interpretation  and  evaluation  of  reports  

7. 1  Calcu lation  of  outage duration  

Reported  ou tage  t ime  shou ld  be  the  calendar  t ime  during  wh ich  the  DC  system  or s tat ion  i s  
not  avai lable.  The  main tenance  or  forced  ou tages  often  span  several  working  days,  poss ibl y 
i ncl ud ing  weekends.  The  purpose  of  record ing  schedu led  ou tage  time  i s  to  develop a  
database  i nd icating  the  actual  main tenance  t im e.  Therefore,  c lari f icati on  i s  needed  on  how 
“non-working ”  t im e  i s  to  be  considered .  I f  the  system  is  m ade  avai lable  bu t  not  operated  
during  a  portion  of  the  non-working  t im e  or  can  be  m ade  avai lable  i f  requ i red  to  be  operated ,  
for  example  on  a  weekend ,  then  such  t ime  shou ld  be  excluded  from  the  schedu led  ou tage  
time.  The  key to  computati on  of  chargeable  schedu led  ou tage  t ime  i s  not  whether or  not  work 
i s  perform ed ,  bu t  whether or  not  the  system  i s  or  can  be  avai lable  for  operati on .  

I n  some cases,  ou tage  duration  can  be  l onger  than  wou ld  norm al l y be  requ i red.  For  example,  
there  can  be  a  peri od  of  l ow dem and  du ring  wh ich  there  i s  no  econom ic l oss  due  to  
unavai labi l i ty of  the  DC  l i nk.  Th is  can  al low the  annual  main tenance  to  be  conducted  on  a 
m ore  le isurel y bas is .  Other  exam ples  cou ld  be  i nclement weather  caus ing  delay i n  
accessibi l i ty for m ain tenance  or  non-avai labi l i ty of  requ i red  spares,  needed  too ls  and  tackles  
or  m anpower at  hand.  Such  extenuating  c i rcumstances  shou ld  be  noted  i n  the  d iscuss ion  
secti on  of  the  report.  

S im i larl y,  lack of  DC  transm ission  resu l t ing  from  the  schedu led  ou tage  o f  a  generati ng  plan t  
wh ich  suppl ies  the  DC  l i nk shou ld  not  be  recorded  as  an  ou tage  of  the  DC  system ,  provided  
that  the  DC  system  rem ains  avai lable  for service.  I f  m ain tenance  i s  conducted  on  the  DC l i nk 
duri ng  such  t imes,  then  the  main tenance  t ime  shou ld  be  reported  as  schedu led  ou tage  t im e.  

7.2  External  events  

Events  external  to  the  HVDC system  wh ich  resu l t  i n  i n terruption  of  HVDC power transm iss ion  
are  not  to  be  considered  as  ou tages  of  the  DC  system  as  l ong  as  the  DC  system  operates  as  
des igned  and  i s  avai lable  for  service  after the  even t  i s  over.  For example,  i f  the  AC  l i nes  
feed ing  the  DC  l i nk open  due  to  fau l ts  or  i f  the  AC  system  hosti ng  the  DC  l ink goes  unstable,  
the  ou tage  t im e  i s  not  recordable.  
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7.3  Protective  operation  

Trans ient  fau l ts  wh ich  are  successfu l l y c l eared  by correct  operation  of  protecti on  equ ipment  
do  not  consti tu te  ou tages  and  shou ld  not  be  recorded  i n  Table  4 .  I ncorrect  operati on  of  
protection  equ ipment,  e i ther  operation  when  not  i n tended  ( false  trip)  or  fai l u re  to  au tom atical l y  
restart,  wou ld  be  reported  as  an  ou tage,  regard less  of  durati on .  I n terrupti ons  wh ich  requ i re  
manual  restart  shou ld  be  counted  as  forced  ou tages  i f  the  system  i s  des igned  to  recover from  
such  events .  

7.4  Performance  of  special  controls  

A number of  DC  system s  are  equ ipped  wi th  special  supplementary con trols ,  such  as  
frequency contro l ,  dam ping  contro l  or  runback,  to  he lp  support  the  AC  system .  I t  i s  
encouraged  to  i ncl ude  narrati ve  com ments  regard ing  any s i gn i f i can t  pos i t i ve  or negative  
system  aspects  due  to  operati on  of  such  con tro ls  at  the  bottom  of  Table  4.  

Operation  of  special  con tro ls  when  i t  operates  to  support  the  AC  system  i s  not  to  be  counted  
as  DC  forced  ou tage  bu t  i s  to  be  recorded  as  forced  external  AC  ou tage.  
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Table  9  – Forced  outage summary 
(corresponding  to  Table 6  of  Cig ré TB  590:201 4)  

System :  ____________________________  Stati on :  ______________________________  Year:_________________ 

 

FORCED OUTAGE due to  Outage  Capaci ty reduction  Converter  Pole  Bipole  Total  

  code  
Number 

of  
even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
Outage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Equ iv.  
ou tage 
hours  

   

   

AC f i l ter and  other RP  equ ipm ent  AC-E. F                

AC  con tro l  and  protect i on  AC-E. CP                

Converter/i n terface  t ransform er  AC-E. TX               

Synchronous  com pensator  AC-E. SC                

Au x.  equ ipm ent  and  au xi l i ary 
power  

AC-E. AX               

Other AC  swi tchyard  equ ipm en t  AC-E. SW               

Total  AC  and  au xi l i ary 
equ i pm ent  

AC-E                

Val ve  e l ectri cal  V. E                

Val ve  cool i ng  V. VC               

Val ve  capaci tor  V. C                

Phase  reactor  V. PR               

Total  val ve  V                

Local  con trol  and  protect i on  C-P. L                

Master con tro l  and  protecti on  C-P. M                

Te lecom m un icati on  equ ipm enta  C-P . T                

Total  DC  C  and  P  equ ipm ent  C-P                

DC  f i l ters  a  DC-E . F                

DC  sm ooth i ng  reactor  DC-E. SR                

DC  swi tch i ng  equ i pm ent  DC-E. SW               
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FORCED OUTAGE due to  Outage  Capaci ty reduction  Converter  Pole  Bipole  Total  

  code  
Number 

of  
even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
Outage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Equ iv.  
ou tage 
hours  

   

   

DC m easuri ng  equ i pm ent  DC-E. ME                

DC  earth  e l ectrode  a  DC-E. GE                

DC  earth  e l ectrode  l i ne  a  DC-E . EL                

Other DC  swi tchyard  and  VH  
equ i pm ent  

DC-E. O                

Total  p rim ary DC  equ i pment  DC-E                

Other  O                

Total  HVDC substati ons  SS                

DC  overhead  t ransm iss ion  l i ne  TL-OH                

DC  u nderg round/subm arine  
cable  

TL-C                

Total  DC  transm iss ion  l i ne  a  TL               

External  b  EXT                

a   Not  appl i cable  for back-to-back system s.  

b   Not  i ncl u ded  i n  u navai l abi l i ty.  
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Annex A 
( in formative)  

 
Outage log  form  and  examples  

A.1  Example of  an  outage log  

Table  A. 1  i s  an  exam ple  of  an  ou tage  log .  

Table  A. 1  – Example  of  an  outage log  

System :  __________________________________   Stati on :  ___________________________   Year:_____________________ 

 

            Ou tage  code  a   

Ou tag e  du e  to  fau l ty  equ i pm ent  

AC and  au xi l i ary equ ipm ent  

Valves  

DC contro l  and  protecti on  equ i pm ent  

Prim ary DC  equ ipm ent  

Other  

DC  transm iss ion  l i ne  

External  

Schedu l ed  ou tag e  for  p lanned  m ain tenance  

Forced:  

F. AC-E  

F. V  

F. C-P  

F. DC-E  

F. O 

F. TL 

F. EXT 

Schedu l ed :  

S . AC-E  

S . V 

S . C-P  

S . DC-E  

S. O 

S. TL 

 

S . PM  

 

 

Outage 
reference 
number 

Date  and  t ime  Actual  
ou tage 
duration  
(AOD)  

Outage 
derating  
factor   
(ODF)  

Equ ivalent  
ou tage 
duration  
(EOD)  

Outage  
code  a  

Severi ty 
code  

BP,  P,  C,  RP  

Description  of  even t,  equ ipment  or  
component  causing  ou tage  

Restoration  code  

R,  S,  M  Start  Fin ish  

          

          

          

a   See  5. 1  for  ou tag e  code  su b-cl ass i f i cat i on  for forced  or  for deferred  schedu l ed  ou tag es.  
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Care  i s  to  be  taken  not  to  report  the  same ou tage  twice.  Therefore,  on l y record  an  ou tage  
code  for ou tages  caused  by the  respecti ve  station .  I f  the  ou tage  i s  caused  by a rem ote  s tation  
and  l eads  to  a  consequential  ou tage  of  the  l ocal  stat ion ,  the  ou tage  shou ld  be  charged  to  the  
remote  s tat ion .  Exclude  ou tages  caused  by rem ote  s tations  i n  the  preparation  of  Table  2  for  
the  l ocal  station .  

For s i ng le  non-overlapping  ou tages  having  a constant  ou tage  derati ng  factor,  com plete  the  
l og  as  fo l lows:  

1 )  Step  1 :  Assign  the  ou tage  reference  number.  Th is  i s  a  un ique  num ber  g i ven  to  each  
ou tage  even t  at  the  s tart  of  the  ou tage.  

2)  Step  2 :  Record  the  date  and  t im e  at  the  start  of  the  ou tage  and  subsequentl y the  date  and  
t im e  at  the  end  of  the  ou tage.  Record  times  to  the  nearest  m inu te  us ing  the  24-h  clock.  

3)  Step 3 :  Determ ine  and  record  the  main  cause  of  the  ou tage  us ing  on l y one  of  the  ou tage  
codes  g i ven  at  the  head  of  the  form .  For forced  ou tages  and  for  deferred  schedu led  
ou tages  extend  the  ou tage  code  by append ing  the  ou tage  sub-class i f i cation  from  5. 1 .  For  
exam ple,  the  prim ary cause  of  the  ou tage  can  be  i nd icated  by “F. AC-E. AX”  i nd icati ng  a  
forced  ou tage  caused  by AC  equ ipment  i n  the  stati on  auxi l iari es .  

4)  Step 4:  Calcu late  and  record  the  actual  ou tage  duration  (AOD)  wh ich  i s  the  t ime  e lapsed  
between  the  s tart  and  end  of  the  ou tage  i n  accordance  wi th  3 . 3 . 1 .  

5)  Step 5:  Describe  the  event,  equ ipment  or  componen t  caus ing  the  ou tage.  

6)  Step 6:  Determ ine  and  record  the  restoration  code  to  i nd icate  i f  the  restoration  requ i red  
equ ipm ent  repai r  (R) ,  replacem ent  by spare  (S)  or  j ust  a  m anual  restart  (M) .  

7)  Step 7:  Determ ine  and  record  the  ou tage  derati ng  factor  (ODF)  i n  accordance  wi th  3 . 2 . 3 .  

8)  Step  8:  Calcu late  and  record  the  equ ivalen t  ou tage  duration  (EOD)  wh ich  i s  the  product  

AOD  ×  ODF i n  accordance  wi th  3 . 3 . 2 .  

For s i ng le  non-overlapping  ou tages  having  a  variable  ou tage  derati ng  factor and  for  
overlapping  ou tages,  add i t i onal  i n formation  i s  to  be  recorded  i n  order to  calcu late  the  correct  
EOD.  

A.2  Examples of  appl ication  of  ru le  f)  of  6.3.3  – Scheduled  outage during  a  
forced  outage 

A.2. 1  Case 1 :  Schedu led  outage does  not  i ncrease ODF or  extends  outage duration  

Figu re  A. 1  shows  an  exam ple  where  schedu led  ou tage  does  not  i ncrease  ODF  or  extends  
ou tage  durati on .  
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t
0
 forced  ou tage  due  to  AC-E  s tarts  ODF =  0 , 5  

t
1
 schedu l ed  ou tage  s tarts  ODF =  0 , 25  

t
2
 schedu l ed  ou tage  ends  

t
3
 forced  ou tage  ends  

AOD =  t
3
 – t

0
 

ODF =  0 , 5  

EOD  du e  to  AC-E  =  0 , 5  (t
3
 – t

0
)  

Schedu l ed  ou tag e  does  not  contri bu te  to  u navai l abi l i ty.  

Figure A. 1  – Schedu led  outage does not  increase ODF or  extends  outage duration  

A.2.2  Case 2:  Schedu led  outage increases ODF 

Figu re  A. 2  shows  an  exam ple  where  a  schedu led  ou tage  i ncreases  ODF.  

 

t
0
 forced  ou tage  due  to  TL s tarts  

t
1
 schedu l ed  ou tage  s tarts  

t
2
 schedu l ed  ou tage  ends  

t
3
 forced  ou tage  ends  

AOD du e  to  TL =  t
3
 – t

0
 

ODF du e  to  TL =  0 , 5  

EOD  du e  to  TL =  0 , 5  (t
3
 – t

0
)   

AOD  due  to  schedu led  ou tage  =  t
2
 – t

1
 

Excess  ODF du e  to  schedu led  ou tage  =  0 , 75  – 0 , 5  =  0 , 25  

Schedu l ed  ou tag e  con tri bu tes  to  unavai l abi l i ty.  

Figure A.2  – Schedu led  outage increases  ODF 

IEC  

IEC  
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A.3  Examples of  appl ication  of  ru le  g )  of  6.3.3  – Second  outage during  an  
outage 

A.3. 1  Case 1 :  Second  outage does not  increase ODF or extends outage duration  

Figu re  A. 3  shows  an  example  where  a  second  ou tage  does  not  i ncrease  ODF or extends  
ou tage  durati on .  

 

t
0
 forced  ou tage  due  to  TL s tarts  – ou tage  reference  R  ODF =  1 , 0  

t
1
 forced  ou tage  due  to  DC-E  starts  – ou tag e  reference  S  ODF =  0 , 5  

t
2
 forced  ou tage  due  to  DC-E  ends  

t
3
 forced  ou tage  due  to  TL ends  

AOD du e  to  TL =  t
3
 – t

0
 

ODF du e  to  TL =  1 , 0  

EOD  du e  to  TL =  1 , 0  (t
3
 – t

0
)  

Ou tag e  reference  R  i s  counted  i n  the  total  num ber of  even ts  attri bu table  to  TL.  

Ou tag e  du e  to  DC-E  does  not  i ncrease  ODF and  so  the  EOD  =  0 .  S i nce  EOD  i s  zero,  ou tage  reference  S  i s  not  
coun ted  i n  the  total  n um ber of  events  attri bu table  to  DC-E.  

Figure A.3  – Second  ou tage does  not  increase  ODF or  extends  outage duration  

IEC  
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A.3.2  Case 2:  Second  outage extends  duration  

Figu re  A. 4  shows  an  example  where  a  second  ou tage  extends  du ration .  

 

t
0
 forced  ou tage  due  to  AC-E  s tarts  – ou tag e  reference  G  ODF =  0 , 5  

t
1
 forced  ou tage  due  to  another event  AC-E  starts  – ou tag e  reference  H  ODF =  0 , 25  

t
2
 forced  ou tage  – reference  G  ends  

t
3
 forced  ou tage  – reference  H  ends  

AOD du e  to  AC-E  reference  G  =  t
2
 – t

0
 

ODF for ou tage  reference  G  =  0 , 5  

EOD  du e  to  AC-E  reference  G  =  0 , 5  (t
2
 – t

0
)  

AOD due  to  AC-E  reference  H  =  t
3
 – t

1
,  bu t  peri od  t

1
 to  t

2
 a l ready  accou n ted  for so  effect i ve l y  i t  i s  taken  as  =  t

3
 – t

2
.  

ODF du e  to  ou tag e  reference  H  =  0 , 25  

EOD  du e  to  AC-E  reference  H  =  0 , 25  (t
3
 – t

2
)  

S i nce  both  ou tages  are  categ ory AC-E  and  both  EODs  are  non -zero,  2  i s  added  to  the  total  num ber of  AC-E  even ts  
by these  two  ou tages.  

Figure A.4  – Second  ou tage extends  duration  

IEC  
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A.3.3  Case 3:  Second  outage wi th  variable  ODF 

Figu re  A. 5  shows  an  example  of  a  second  ou tage  wi th  variable  ODF.  

 

t
0
 forced  ou tage  due  to  V  s tarts   ODF =  0 , 5  

t
1
 forced  ou tage  due  to  AC-E  starts  ODF =  0 , 5  

t
2
 forced  ou tage  due  to  V  ends  

t
3
 forced  ou tage  due  to  AC-E  changes  ODF  ODF =  0 , 25  

t
4
 forced  ou tage  due  to  AC-E  ends  

Th i s  type  of  ou tage  d iag ram  occurs  when  the  second  ou tag e  takes  ou t  o f  servi ce  equ i pm ent  not  affected  by the  
f i rst  ou tag e.  

EOD  du e  to  V  =  0 , 5  (t
2
 – t

0
)  

EOD  du e  to  AC-E  =  0 , 5  (t
3
 – t

1
)  +  0 , 25  (t

4
 – t

3
)  

Figure A.5  – Second  ou tage wi th  variable  ODF 
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Annex B  
( in formative)  

 
Sample annual  report  

Annex  B  shows  an  example  of  how annual  reporting  i s  made  from  an  HVDC  proj ect  i n  
operati on  (see  Tables  B. 1  to  B. 7) .  I n  case  of  conf l icts ,  the  present  docum ent  shal l  govern  
over  th is  sam ple  report.  

Table  B . 1  – DC  system  performance for  two-terminal  systems reporting  jo intly 

 System   Nel son  Ri ver B ipol e  2  

 Year  2009  

 

  1 .  Energ y transm i tted  (GWh)  

       1 . 1  From :  __Henday______          To:  ___Dorsey_______________  

       1 . 2  From :  ______________          To:  ___________________________ 

 

       1 . 3  Total  

1  324  GWh  

 

1  324  GWh  

  2 .  Energ y u t i l i zat i on  (%)  P
m

 =     2000       MW   

75, 50  %  U  

  3 .  Energ y avai l abi l i ty  (%)  EA 97, 1 7  %  

  4 .  Energ y u navai l abi l i ty  (%)  due  to:    2 , 83  %  

   4 . 1  Schedu l ed  ou tages  SEU  2, 1 2  %  

        4 . 1 1  Deferred  SEUD  0, 97  %  

        4 . 1 2  P lanned  SEUP  1 , 1 5  %  

   4 . 2  Forced  ou tages  FEU  0, 71  %  

        4 . 21  HVDC substat i ons  FEUS  0, 67  %  

        4 . 22  DC transm iss ion  l i ne  FEUTL 0, 04  %  

  5 .  Forced  ou tages  du e  to:    
Num ber 

of  

events  

Equ iv.  

ou tage  

hou rs  

   5 . 1  HVDC substat i ons  SS  35  58, 45  

      5 . 1 1  AC  and  au xi l i ary equ i pm ent  AC-E  2  0 , 80  

      5 . 1 2  Valves  V  23  44, 40  

       5 . 1 3  HVDC con trol  and  protect i on  equ i p.  C-P  1  1 , 32  

      5 . 1 4  Prim ary DC  equ i pm ent  DC-E  3  0  

      5 . 1 5  Other  O  6  1 1 , 36  

   5 . 2  DC  transm iss ion  l i ne  TL 5  3 , 66  

   5 . 3  External  EXT 0  0  

  6 .  Comm utati on  fai l u re  s tarts  CFS(A)  /  recordable  AC  fau l ts    48/48  

  7 .  Forced  

     ou tage  

     severi ty  

       

 

Capaci ty reduct i on  Converter  Pole  B ipole  Total  

Num ber of  

even ts  

 

Forced  

energ y 

unavai l .  

Num ber 

of  events  

 

Forced  

energ y 

unavai l .  

Num ber 

of  even ts  

Forced  

energy 

unavai l .  

Num ber 

of  

events  

Forced  

energ y 

unavai l .  

Num ber 

of  

events  

Forced  

energ y 

unavai l .  

0  0 , 00  %  28  0 , 61  %  1 2  0 , 096  % 0  0  40  0 , 71  %  
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Table  B .2  – Forced  outages of  HVDC substation  

 System   Nel son  Ri ver B ipol e  2  

 S tati on   Both  

 Year  2009  

 

Forced  ou tages  due  to :   Ou tag e  code:        Severi ty  code:  Restorati on  code:  

AC  and  au xi l i ary equ ipm ent  AC-E. X B ipolar  BP  Repai red  R  

Valves  V. X Monopolar  P  Repl aced  by spare  S  

DC  con tro l  and  protecti on  equ i p.   C-P . X Converter  C  Manu al l y  restored  M  

Prim ary DC equ ipm ent  DC-E. X capaci ty  reduct i on  RP    

Other  O. X     

 

Outage  
code  

Event  or  equ ipment  fai l u re  description  Severi ty 
code  

Restoration  
code  

Actual  
ou tage  
duration  

AOD 
(h )   

Reduction  
of  

capaci ty 

 (%)  

AC-E. X AC  and  au xi l i ary equ ipm ent  total  no.  =  2  C  R  3 , 2  25  

V. E  Valve  e l ectri cal  total  no.  =  4  C  R  1 6, 85  25  

V. VC Valve  cool i ng  total  no.  =  1 8  C  R  1 58, 89  25  

V. VC Valve  cool i ng  total  no.  =  1  P  R  0 , 93  50  

C-P. L  Local  con trol  /  protecti on  total  no.  =  1  P  R  2 , 63  50  

DC-E. F  DC  f i l ters  total  no.  =  2  P  M  0 , 32  50  

DC-E. O  Other DC yard  and  val ve  hal l  equ ip.  total  no.  =  1  P  M  0 , 85  50  

O  Other  to tal  no.  =  2  C  M  25, 73  25  

O  Other  to tal  no.  =  4  P  M  9 , 86  50  
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Table  B .3  – Schedu led  outages of  HVDC substation  

 System   Nel son  Ri ver B ipol e  2  

 S tati on   Both  

 Year  2009  

 

Schedu l ed  ou tages  du e  to:   Ou tag e  code:        Severi ty  code:  Restorat i on  code:  

AC and  au xi l i ary equ ipm ent  AC-E. X B ipolar  BP  Repai red  R  

Valves  V. X Monopolar  P  Repl aced  by spare  S  

DC control  and  protect i on  equ i p.   C-P. X Converter  C  Manu al l y  restored  M  

Prim ary DC  equ ipm ent  DC-E. X Capaci ty reduct i on  RP    

Other  O. X     

P l anned  m ain tenance  PM      

 

Outage 
code  

Event  or  equ ipment  fai l u re  description  Severi ty 
code  

Restoration  
code  

Actual  
ou tage 
duration  

AOD 
(h )   

Reductio
n  of  

capaci ty  

(%)  

PM  AC and  au xi l i ary equ ipm ent  total  ou tages  =  1  C   M  321 , 65  25  

PM  DC swi tch i ng  equ i pm ent   to tal  ou tages  =  1  P  M  41 , 70  50  

V  Valve  cool i ng    to tal  ou tages  =  28  C  R  1 97, 30  25  

DC-E  DC  swi tch i ng  equ i pm ent    to tal  ou tages  =  5  P  R  37, 79  50  

AC. E  Converter transform er  to tal  ou tages  =  3  C  R  8, 35  25  

O  Other   to tal  ou tages  =  1  C  R  1 9, 87  25  

O  Other-  l i ne  tower repai r   to tal  ou tage  =  1  P  M  1 8, 98  50  

 

Table  B .4  – HVDC overhead  l ine protection  operations  

 System   Nel son  Ri ver B ipol e  2  

 Year  2009  

 

Event  
No.  

Date  Time 
of  day 

Pole  
vol tage 
and  

polari ty 

Number of  
attempted  
restarts  

Final  restart  
successfu l /  
unsuccessfu l  

Actual  
ou tage 

duration  i f  
unsuccessfu l  

Notes  

1  09/03/23  1 1 : 01  +500  kV 1  U  0 , 62  h  Fau l t  due  to  i c i ng  on  the  l i ne  at  1 58, 1  
m i l es  

2  09/03/23  1 1 : 21  -500  kV 1  U  0 , 22  h  Fau l t  due  to  i c i ng  on  l i ne  at  1 34, 74  m i l es  

3  09/03/23  1 2:39  +500   kV 1  S   Fau l t  due  to  i c i ng  on  the  l i ne  at  1 25, 3  
m i l es  

4  09/03/23  1 2:39  +500  kV 1  U  0 , 05  h  Fau l t  due  to  i c i ng  at  1 24, 6  m i l es .  
Operated  at  250  kV for  next  1 0 , 5  h .  

5  09/03/23  1 3: 1 0  -500  kV 1  S   Fau l t  due  to  i c i ng  on  the  l i ne  at  1 25, 26  
m i l es.  

6  09/06/21  1 5:36  -500  kV 1  S   Fau l t  at  53 , 95  m i l es  

7  09/08/27  1 6: 1 4  -500  kV 1  S   Fau l t  at  77, 40  m i l es  

8  09/09/1 0  1 4:43  -500  kV 1  S   Fau l t  at  393, 01  m i l es  
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Table  B .5  – AC  system  fau l ts  and  commutation  fai lu re  starts  

 System   Nel son  Ri ver B ipol e  2  

 Year  2009  

 

 
Number of  AC  recordable  
system  fau l ts  at  i nverter  

Number of  
CFS(A)  

Number of  
CFS(B)  

1 . 1  HVDC substati on  A:  Dorsey  48  48  0  

1 . 2  HVDC substati on  B :  Henday    

1 . 3  HVDC substati on  C:     

1 . 4  HVDC substati on  D:     

1 . 5  HVDC substati on  E :     

2 .  Com plete  HVDC system  48  48  0  

CFS(A)  – Com m utati on  fai l u re  s tarts  i n i t i ated  by AC  system  fau l ts  (see  3 . 6. 2) .   

CFS(B)  – Com m utati on  fai l u re  s tarts  i n i t i ated  by con trol  probl em s,  swi tch i ng  even ts  or other causes  (see  3 . 6. 3) .  

 

Table  B .6  – Converter un i t  hours  and  semiconductor devices fai l ed  

 System   Nel son  Ri ver B ipol e  2  

 Year  2009  

 

Converter un i t  reference a  S ix-  or  twelve-
pu lse or  VSC 

topology 

Hours  avai l able  Number of  semiconductor  
devices that  fai l ed  b  

Dorsey  VG31  1 2  8  375  6  

             VG32  1 2  8  622  6  

             VG41  1 2  8  583  0  

             VG42  1 2  8  439  0  

Henday  VG31  1 2  8  365  2  

             VG32  1 2  8  632  2  

             VG41  1 2  8  569  20  

             VG42  1 2  8  453  38  

Total s   68  038  74  

a   Converter un i t  reference  refers  to  s tat i on ,  po l e  o r  converter accord i ng  to  6. 7.  

b  See  6. 7,  s tep  4.  
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Table  B .7 – Forced  outage summary  

System :  Nelson  R iver B ipo le  2_____ Stati on :  Both_____________  Year:  2009______________  

 

FORCED OUTAGE due to  Outage  Capaci ty reduction  Converter  Pole  Bipole  Total  

  code  
Number 

of  
even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Equ iv.  
ou tage 
hours  

   

   

AC f i l ter  and  other RP  
equ i pm ent  

AC-E. F                

AC  con tro l  and  protecti on  AC-E. CP                

Converter transform er  AC-E. TX               

Synchronous  com pensator  AC-E. SC                

Au x.  equ ipm ent  and  au xi l i ary 
power  

AC-E. AX 
      2  3 , 20  0 , 80          2  0 , 80  

Other AC swi tchyard  equ ipm en t  AC-E. SW                 

Total  AC  and  au x.  equ ipm ent  AC-E        2  3 , 20  0 , 80          2  0 , 80  

Valve  e l ectri cal  V. E        4  1 6, 85  4, 21          4  4 , 21  

Valve  cool i ng  V. VC       1 8  1 58, 89  39, 72   1  0 , 93  0 , 47        1 9  40, 1 9  

Total  val ve  V        22  1 75, 74  43, 94  1  0 , 93  0 , 47        23  44, 40  

Local  con trol  and  protect i on  C-P. L           1  2 , 63  1 , 32        1  1 , 32  

Master con trol  and  protect i on  C-P. M                           

Te lecom m un icati on  equ ipm ent  a  C-P . T                           

Total  DC  C  and  P  equ ipm ent  C-P           1  2 , 63  1 , 32        1  1 , 32  

DC  f i l ters  a  DC-E . F              2  0 , 32  0 , 1 6        2  0 , 1 6  

DC  sm ooth i ng  reactor  DC-E. SR                            

DC  swi tch i ng  equ i pm ent  DC-E. SW                 

DC  m easuri ng  equ i pm ent  DC-E. ME                

DC  earth  e lectrode  a  DC-E . GE                      

DC  earth  e l ectrode  l i ne  a  DC-E . EL                            
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FORCED OUTAGE due to  Outage  Capaci ty reduction  Converter  Pole  Bipole  Total  

  code  
Number 

of  
even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Actual  
ou tage 
hours  

Equ iv.  
ou tage 
hours  

Number 
of  

even ts  

Equ iv.  
ou tage 
hours  

   

   

Other DC  swi tchyard  and  VH  
equ i pm ent  

DC-E. O  
            1  0 , 83  0 , 42        1  0 , 42  

Total  prim ary DC  equ i pm ent  DC-E           3  1 , 1 5  0 , 58        3  0 , 58  

Other  O        2  25, 73  6 , 43  4  9 , 86  4, 93        6  1 1 , 36  

Total  HVDC substat i ons  SS     26  204, 67  51 , 1 7  9  1 4, 57  7, 29        35  58, 45  

DC  overhead  t ransm iss ion  l i ne  TL-OH                

DC  u nderg round/subm ari ne  
cable  

TL-C                

Total  DC  transm iss ion  l i ne*  TL       2  1 0 , 25  2 , 56  3  2 , 20  1 , 1 0        5  3 , 66  

External  b  EXT                

a   Not  appl i cable  for back-to-back system s.  

b   Not  i ncl u ded  i n  u navai l abi l i ty.  
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